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んに行われている。1 α-ジアゾカルボニル化合物の反応として, Wolff 転位(式 1)2やシクロプ
ロパン化(式 2)3, C-H 挿入反応(式 3)4などが知られている。また, 不斉配位子を利用してキラ
ル化合物の合成にも応用される。α-ジアゾカルボニル化合物を用いた芳香環の反応の一つに











































































げられる。これまでのジアゾナフトキノンの合成は, ナフトールから少なくとも 2 段階必要










































































































































Scheme 4. Synthesis of Pradimicinone. 
 









ルナフトールは得られず, 分子内で環化したナフトフランが少量得られた（Scheme 5, 式 1）。
そこで, Stille カップリングの条件で反応を行った（Scheme 5, 式 2）。 TBS 基を有するアル




アルキンを用いて, 薗頭カップリングで反応を行ったところ, 期待通り反応は進行して, ナ









50 C, 2 h 
























80 C, 1 h
(1.5 eq.)
R = TBS 0%46%
R = Ph 0% 40%
R = n-Bu 0(0)*% 24(68)*%






















Scheme 5. Cross-coupling of DNQ 
 























2) NaOMe (2.0 eq.)
    MeOH
    rt, 17 h
1) TBAF (1.5eq.)
    THF, rt, 5 h
 
























































Scheme 7. Synthesis of lactone 
 







































































































                                                   
引用文献 
1 a) Zhang, Z.; Wang, J. Tetrahedron 2008, 64, 6577. b) Padwa, A. J. Organomet. Chem. 
2001, 617-618 , 3. c) Singh, V. K.; DattaGupta, A.; Sekar, G. Synthesis 1997, 137. d) 
Padwa, A.; Austin, D. J. Angew. Chem. Int. Ed. Engl. 1994, 33, 1797.  
2 Smith, L. I.; Hoehn, H. H. Org. Synth. 1940, 20, 47. 
3 Panne, P.; DeAngelis, A.; Fox, J. M. Org. Lett. 2008, 10, 2987. 
4 Stork, G.; Nakatani, K. Tetrahedron Lett. 1988, 29, 2283. 
5 Buchner, E. Ber. dtsch. chem. Ges. 1896, 29, 106. 
6 Wyatt, E. E.; Galloway, W. R. J. D.; Spring, D. R. Synlett 2011, 1449. 
7 Reiser, A. Angew. Chem. Int. Ed. Engl. 1996, 35, 2428. 
8 V. V. Ershov, G. A. Nikiforov, C. R. H. I. de Jonge, Quinone Diazedes, Elsevier, 
Amsterdam, 1981. 
9 Synlett, 2010, 2503. 
10 Kitamura, M.; Takahashi, S.; Okauchi, T. J. Org. Chem., 2015, 80 , 8406–8416 
11 Cordes, J.; Harms, K.; Koert, U. Org. Lett. 2010, 12, 3808. 
9 
 
 第一章 ロジウム触媒を用いたジアゾナフトキノンの新規反応の開発 
 
 第一節 緒言 
ベンゾナフトピラノン骨格は, カルトロイシンなどの生理活性天然物にしばしば見られ


















Figure 1. Benzonaphthopyranone        Figure 2. Chartreusin 
 
α-ジアゾカルボニル化合物にロジウム触媒などの遷移金属触媒を作用させると窒素が脱
離して金属カルベンが形成され, 適切な位置にある C-H 結合に対して挿入反応が進行する
ことが知られている。1 これを利用した分子内環化反応による環化体の合成はすでに報告さ


















Scheme 9. C-H 挿入による環状化合物の合成 
 
序論で述べたように, 当研究室ではナフトールから一段階でジアゾナフトキノンを合成
する方法を報告している。3 そこで, 3 位にアリールエステル基を有するナフトール I から合
成したジアゾナフトキノン II にロジウム触媒を反応させれば, 金属カルベンを経由して分
子内 C-H 挿入反応が進行しベンゾナフトピラノン骨格を構築できるのではないかと考え, 
検討を行った (Scheme 10)。 
10 
 




























































Scheme 11.  カルボン酸 5 の合成 
 
Scheme 11, Table 1 には 4 位に置換基を持たない 3-アリールオキシカルボニル-1-ナフトー
ルの合成を示す。まず, 既知の方法を用いてナフトール 3 の合成を行った。4 ベンズアルデ
ヒドに対して水素化ナトリウム存在下コハク酸ジメチルを加え, Stobbe 反応を行いカルボン
酸 1 を合成した。1 を無水酢酸中で加熱還流すると分子内環化反応が進行してナフタレン 2
が 2 段階収率 50%で得られた。アセチル基をメタノール中炭酸カリウムを作用させること
により除去し, ナフトール 3 を収率 90%で得た。生じたヒドロキシ基をメトキシメチル基
(MOM)で保護したのち, メチルエステルをアルカリ加水分解してカルボン酸 5 を得た。続い































縮合を行った。続いて, 酸性条件下で MOM 基を除去して種々のナフトールを合成した。 
Table 1. 様々なナフトールの合成 
MOMO
O

















5 1st step 2nd step  
run Ar 1st step 6 (%) 2nd step 7 (%) 
1 Ph quant 7a 78 
2 4-MeC6H4 92 7b 81 
3 4-MeOC6H4 64 7c 57 
4 4-ClC6H4 91 7d 73 
5 4-s-BuC6H4 90 7e 72 
6 4-t-BuC6H4 76 7f 90 
7 3-MeC6H4 quant 7g 74 
8 3-MeOC6H4 quant 7h 72 
9 3-ClC6H4 quant 7i 72 
10 2-MeC6H4 quant 7j 84 
11 2-MeOC6H4 94 7k 86 
12 2-ClC6H4 quant 7l 73 
13 2-CO2MeC6H4 92 7m 68 
14 3,5-(MeO)2C6H3 90 7n 52 
15 1-naphthyl 92 7o 77 
 
次に, 4 位に置換基を有するナフトールの合成を行った。4 位にメチル基を持つナフトー
ル 7p の合成を行った(Scheme 12)。アセトフェノンとコハク酸ジメチルを用いた Stobbe 反応
によりカルボン酸を得た後, 無水酢酸を作用させるとエステル 8aを2段階収率 42％で得た。
8a にメタノール中水酸化カリウムと反応させメチルエステルの加水分解とアセチル基の除































































Scheme 12. ナフトール 7p の合成 
 




0 C rt, 1 h
40 C, 1.5 h
























































Scheme 13. ナフトール 7q の合成 
 
次に, 4 位にメトキシ基を持つナフトール 7r の合成を行った(Scheme 14)。まず, 市販のカ
13 
 
ルボン酸 12 と触媒量のトリフルオロメタンスルホン酸を作用させエステル 13 へと変換し
た(収率 71%)。5 13 にジクロロメタン中ジヒドロピラン(DHP)と触媒量の PPTS を反応させ, 
2 つのヒドロキシ基のうち水素結合していない側をテトラヒドロピラニル(THP)基で保護し
た。続いて, 残りのヒドロキシ基は硫酸ジメチルを用いてメチル化した後, THP 基を除去し










































Scheme 14. ナフトール 7r の合成 
 













































































run Ar X 7 18 yield (%) 
1 Ph H 7a 18a 97 
2 4-MeC6H4 H 7b 18b 97 
3 4-MeOC6H4 H 7c 18c quant 
4 4-ClC6H4 H 7d 18d quant 
5 4-s-BuC6H4 H 7e 18e 86 
6 4-t-BuC6H4 H 7f 18f 92 
7 3-MeC6H4 H 7g 18g 79 
8 3-MeOC6H4 H 7h 18h 94 
9 3-ClC6H4 H 7i 18i 84 
10 2-MeC6H4 H 7j 18j 97 
11 2-MeOC6H4 H 7k 18k 97 
12 2-ClC6H4 H 7l 18l 79 
13 2-CO2MeC6H4 H 7m 18m 83 
14 3,5-(MeO)2C6H3 H 7n 18n 97 
15 1-naphthyl H 7o 18o 47 
16 Ph Me 7p 18p 93 
17 Ph Ph 7q 18q 85 
18 Ph MeO 7r 18r 94 






ンに対して反応を行った。フェニル基の p-, m-, o-にそれぞれに置換基を持つ場合でも反応は
良好に進行した(Table 2, run 1-14)。ナフチル基では, 中程度の収率でジアゾナフトキノン 18o
が得られた(Table2, run 15)。ナフタレン環の 4 位にメチル基, フェニル基, メトキシ基を持つ
場合でも反応は良好に進行した(Table 2, run 16-18)。4 位に水酸基を持つ場合, キノン 19 が




初めに, t-ブチル基を有する 18f を用いて反応条件の検討を行った。一般にアルキル基を持つ
芳香族化合物は有機溶媒への溶解性が良い。そこで, 生成物の NMR による解析を容易にす
るため, アリールエステル基のパラ位に t-ブチル基を持つジアゾナフトキノンを用いて検討
を行った(Table 3)。 
まず,  18f をベンゼンに溶かし, 酢酸ロジウムを 3 mol%, 基質の濃度を 0.1 M, 90 C で一
時間反応を行ったところ収率 53%でラクトン 20f が得られた(Table 3, run 1)。本反応は, 分
子内反応であるため基質の濃度を薄くすれば分子間の反応が抑えられ, ラクトンの収率が
向上するのではないかと考え, 濃度を薄くして反応を行ったところ, 収率は向上し基質の
濃度が 0.01 M のとき収率 79%でラクトンが得られた (Table 3, run 1-4)。様々な溶媒を用い
て検討を行ったところ, ジクロロエタン, トルエンを用いたとき反応は進行したが収率は
ベンゼンのときに比べて低下した (Table 3, run 5, 6)。極性溶媒では反応は進行しなかった 
(Table 3, run 7-9)。次に触媒について検討した。酢酸ロジウムの使用量を 1.5 mol% に減らし
てもラクトンの収率は変化しなかった (Table 3, run 10)。触媒にオクタン酸ロジウムを用い
ると ラクトンの収率が 92%まで向上した (Table 3, run 11)。トリフルオロ酢酸ロジウムを用
いたとき, ラクトンは収率 5%で得られ副生成物として溶媒のベンゼンが付加したビアリー
ル体 21 が収率 46% で得られた (Table 3, run 12)。条件の検討の結果, ベンゼン溶媒中オク












































The reaction was performed at 110 C. 
b
20f was recovered in 74% yield. 
c
20f was recovered in 91% 
yield. 
d




21 was obtained in 46% yield. 
 
次に, 環化反応の基質適用範囲を検討した(Table 4)。フェニルエステルのフェニル基の置





たラクトン 20h が収率 59%で得られ, メトキシ基のオルト側でカップリングしたラクトン
20’hが 27%の収率で得られた。オルト位に置換基を有する基質で反応を行ったところ, 置換
run Rh cat. (mol%) solvent conc. (M) 20f (%) 
1 Rh2(OAc)4 (3) benzene 0.1 53 
2 Rh2(OAc)4 (3) benzene 0.06 63 
3 Rh2(OAc)4 (3) benzene 0.03 72 
4 Rh2(OAc)4 (3) benzene 0.01 79 
5 Rh2(OAc)4 (3) (ClCH2)2 0.01 63 
6
a 
Rh2(OAc)4 (3) toluene 0.01 75 
7 Rh2(OAc)4 (3) MeCN 0.01 0
b
 
8 Rh2(OAc)4 (3) DMF 0.01 0
c
 
9 Rh2(OAc)4 (3) THF 0.01 0
d
 
10 Rh2(OAc)4 (1.5) benzene 0.01 77 
11 Rh2(oct)4 (1.5)
e
 benzene 0.01 92 
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豊富な 3, 5-ジメトキシフェニル基で反応を行ったところ収率 90%でラクトン 20n が得られ
た。また, フェニル基ではなくナフチル基の場合でも, 反応は進行し環化体 20o が得られた。
次にナフタレンの 4 位に置換基を有する基質で反応を行った。置換基がメチル基, フェニル
基, メトキシ基のいずれの基質でも良好な収率で環化体 20p-20r が得られた。 
 

















20a (R = H) 74%
20b (R = Me) 69%
20c (R = MeO) 67%
20d (R = Cl) 60%


















20j (R = Me) 84%
20k (R = CO2Me) 44%
20l (R = MeO) 0%
20m (R = Cl) 0%
ortho
R
20g (R = Me) 77%
20h (R = MeO) 59%






20'g (R = Me) 8%
20'h (R = MeO) 27%








20p (R = Me) 81%
20q (R = Ph) 87%
















Scheme 15. オルト置換基による反応阻害 
 










の合成を行った。合成計画を Scheme 16 に示す。カルボン酸 22 とフェノール 23 のエステル
縮合を行いナフトール 24 を合成した。その後ジアゾ化を行いジアゾナフトキノン 25 に変
換する。これにロジウム触媒を作用させれば環化反応が進行してラクトン 26 が得られると




















































3-1 ナフトロール 24 の合成 
既知の方法を用いてカルボン酸 22 とフェノール 23 の合成を行った。6a初めに, p-メトキ
シフェノールからカルボン酸 22 の合成を行った (Scheme 17)。 
p-メトキシフェノールに対して触媒量のジイソブチルアミン存在下, 塩化スルフリルを
作用させてクロロ化を行い, クロロ体 27 を収率 79%で得た。次に Duff 反応によるホルミル
化を行った。27 に対してトリフルオロ酢酸中, ヘキサメチレンテトラミン(HMT)を 2 当量加
えて, 130 C で 3 時間加熱還流した後, 希硫酸を加えることでヒドロキシ基のオルト位がホ
ルミル化された化合物 28 が収率 41%で得られた。生じたヒドロキシ基をジメチル硫酸, 炭
酸カリウムを用いてメチル化して, 化合物 29 を収率 57%で得た。続いて, 29 に水素化ナト
リウム存在下リン酸エステル 30 を作用させることで Horner-Wadsworth-Emmons 反応が進行
して化合物 31 を得た。31 にトリフルオロ酢酸を作用させて, t-ブチル基の除去を行った後, 
無水酢酸中加熱還流すると分子内環化反応が進行して化合物 32 が 3 段階収率 62%で得られ
























































































Scheme 17. Synthesis of carboxylic acid 22 
 
 次に, フェノール 23 の合成を行った(Scheme 18)。まず, アセト酢酸メチルからオルセリ




メチル基で保護して, 化合物 35を合成した。35を水素添加してベンジル基を除去した後, ト
リフルオロメタンスルホン酸無水物とジイソプロピルエチルアミンを作用させてトリフラ
ート体 37を収率 92%で得た。化合物 37に対して一酸化炭素雰囲気下パラジウム触媒と dppf, 
フェノール, トリエチルアミンを反応させて, CO 挿入反応を行い, フェニルエステル 38 を
収率 98%で得た。続いて, 水素化ホウ素ナトリウムを用いて 38 のフェニルエステルを還元
してアルコール 39 を収率 84%で合成した。生じたヒドロキシ基をメトキシメチル基で保護
して化合物 40 を 98%で得た。40 にトリフルオロ酢酸を作用させ, フェノール性のヒドロキ







-78 C  rt, overnight















































































Schdme 18. Synthesis of phenol 23  
 合成したカルボン 22 とフェノール 23 のエステル縮合を行った(Scheme 19)。22 と 23 に対



















23 (2.1 equiv.) 24
EDCI (1.1 equiv.)
DMAP (1.0equiv.)




Scheme 19. Synthesis of ester 24 
 
3-2 Pradimicinone の合成 
エステル 24 のジアゾ化を行った(Scheme 20)。収率 84%でジアゾナフトキノン 25 が得ら




























- 20 C, 1 h
THF
-30 C, 8 h
24
 
Scheme 20. Diazo-transfer of ester 24 
 
 エステル 24 をジアゾ化して, ジアゾナフトキノン 25 を合成した (Scheme 21)。25 をベン
ゼン中オクタン酸ロジウムを作用させ, 分子内環化反応が進行してラクトン 26 が得られた。
このラクトン 26 は不安定であるため精製せずに次の反応に用いた。26 に水素化ホウ素ナト
リウムを反応させて, ラクトンを開環しトリオール 41 をエステル 24から 3段階収率 55%で
合成した。 






















































































General Methods. All reactions were carried out under a nitrogen or argon atmosphere. NMR 
spectra were recorded on JEOL JNM-A500, Bruker Avance 500, or Bruker Avance 400 in CDCl3 
[TMS (for 
1
H, δ = 0) or CDCl3 (for 
13
C, δ = 77.0) was used as an internal standard] or DMSO-d6 
[TMS (for 
1
H, δ = 0), DMSO (for 
1
H, δ = 2.5) or DMSO (for 
13
C, δ = 40.0) was used as an internal 
standard]. IR spectra were recorded on a JEOL JIR-WINSPEC50. High-resolution mass spectra were 
obtained with a JEOL JMS-SX102A mass spectrometer. HRMS were obtained by an electron 
ionization (EI) method of ionization with a double focusing sector detector. Column chromatography 
was performed on silica gel (Fuji Silysia Silica gel PSQ-100B or Kanto Chemical Silica Gel 60N).  
 
Materials. Benzene was distilled from P2O5 and stored over 4A molecular sieves. Rh2(OAc)4 was 
purchased from TCI and was used as received. Rh2(oct)4 was purchased from Aldrich and was used 
as received. Sodium Azide was purchased from Wako Co. Ltd. and was used as received. Triethyl 



















Synthesis of 4-methoxymethyl-2-naphthalenecarboxylic acid (5): 
To a solution of potassium carbonate (30.9 g, 224 mmol), Methyl 
4-hydroxy-2-naphthalenecarboxylate (3) (14.7 g, 146 mmol) in acetone (110 mL), chloromehtyl 
methyl ether (11.8 g, 146 mmol) was added at 0 C and the mixture was stirred for 2 hour at room 
temperature. The mixture was extracted three times with ethyl acetate. The combined extracts were 
washed with brine and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo 
to afford crude compounds. The crude materials were purified by flash column chromatography 
(silica gel: hexane/ethyl acetate = 9/1) to give Methyl 4-methoxymethyl-2-naphthalencarboxylate 
(21) (20.3 g, 113%) as a yellow oil. 
1
H NMR (400 MHz, CDCl3) δ 8.30-8.28 (m, 1H), 8.28 (d, 1H, J 
= 1.0 Hz), 7.92 (d, 1H, J = 7.7, 1.5 Hz), 7.64 (d, 1H, J = 8.3, 6.9, 1.4 Hz), 7.55 (ddd, 1H, J = 8.2, 6.8, 
1.3 Hz), 5.45 (s, 2H), 3.97 (s, 3H), 3.56 (s, 3H); 
13
C NMR (100 MHz, CDCl3) δ 167.1, 152.8, 133.5, 
129.1, 128.1, 127.7, 127.6, 127.0, 124.6, 122.0, 106.6, 94.7, 56.4, 52.2 ppm. 
To a solution of Methyl 4-methoxymethyl-2-naphthalencarboxylate (4) (20.3 g, 82.3 mmol) in 
methanol (50 mL), potassium hydroxide (10.8 g, 166 mmol) was added at room temperature and the 
mixture was stirred for 0.5 hour at 80 C. After cooling to 0 C, the mixture was acidified with 2N 
HCl. The precipitates were collected by filtration to afford crude compounds. The crude materials 
were purified by recrystallization (hexane/ethyl) to give 4-methoxymethyl-2-naphthalenecarboxylic 





H NMR (400 MHz, CDCl3) δ 8.38 (s, 1H), 8.32 (dd, 1H, J = 8.1, 0.7 Hz), 7.96 (dd, 
1H, J = 7.4, 1.2 Hz), 7.70 (d, 1H, J = 1.3 Hz), 7.63 (ddd, 1H, J = 8.2, 6.8, 1.4 Hz), 7.58 (ddd, 1H, J = 
8.1, 6.9, 1.3 Hz), 5.48 (s, 2H), 3.58 (s, 3H); 
13
C NMR (100 MHz, CDCl3) δ 171.6, 153.0, 133.4, 
129.3, 128.6, 128.1, 127.2, 126.7, 125.7, 122.1, 106.7, 94.8, 56.5 ppm. 
 
Typical Procedure for the Preparation of Naphthol (7): 
4-(tert-Butyl)phenyl 4-Hydroxy-2-naphthalenecarboxylate (7f). 
To a solution of 4-tert-butylphenol (1.33 g, 8.84 mmol), 4-methoxymethyl-2-naphthalenecarboxylic 
acid (5) (1.86 g, 8.00 mmol) and N,N-dimethyl-4-aminopyridine (DMAP) (44 mg, 0.36 mmol) in 
dichloromethane (15 mL), N,N’-dicyclohexylcarbodiimide (1.91g, 9.27 mmol) was added at 0 C 
and the mixture was stirred for 1.5 hour at room temperature. The mixture was filtered and the 
solvent was removed in vacuo. The crude materials were purified by recrystallization hexane/ethyl 





H NMR (500 MHz, CDCl3) δ 8.45 (s, 1H), 8.33 (dd, 1H, J = 8.3, 0.7 Hz), 7.97 (dd, 1H, J = 
7.4, 1.1 Hz), 7.75 (d, 1H, J = 1.4 Hz), 7.64 (ddd, 1H, J = 8.4, 6.9, 1.5 Hz), 7.59 (ddd, 1H, J = 8.1, 6.9, 
1.3 Hz), 7.47-7.44 (m, 2H), 7.19-7.17 (m, 2H), 5.48 (s, 2H), 3.57 (s, 3H), 1.35 (s, 9H). 
To a solution of 4-methoxymethyl-2-naphthalenecarboxylic-4-(tert-butyl)phenyl ester (2.16 g, 5.92 
mmol) in THF (10 mL), 6 M HCl (5 mL) was added at 50 C and the mixture was stirred for 16 hour. 
The mixture was extracted three times with ethyl acetate. The combined extracts were washed with 
brine and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford 
crude compounds. The crude materials were purified by flash column chromatography (silica gel: 
hexane/ethyl acetate = 13/1) to give 4-(tert-Butyl)phenyl 4-Hydroxy-2-naphthalenecarboxylate (7f) 







4-Phenyl 4-hydroxy-2-naphthalenecarboxylate (7a) 




H NMR (400 MHz, CDCl3) δ 8.40 (s, 
1H), 8.26 (dd, 1H, J = 8.1, 0.3 Hz), 7.96 (d, 1H, J = 7.4, 1.2 Hz), 7.64 (ddd, 1H, J = 8.3, 6.9, 1.4 Hz), 
7.59 (ddd, 1H, J = 8.1, 6.9, 1.2 Hz), 7.57 (dd, 1H. J = 1.4 Hz), 7.47-7.43 (m, 2H), 7.31-7.25 (m, 3H), 
5.82 (s, 1H); 
13
C NMR (100 MHz, CDCl3) δ 165.7, 152.1, 150.9, 133.7, 129.5, 129.2, 127.9, 127.3, 
127.2, 126.7, 126.0, 124.5, 122.1, 121.7, 107.6 ppm; Anal. Found: C, 76.98; H, 4.62 %. Calcd for 






4-Methylphenyl 4-hydroxy-2-naphthalenecarboxylate (7b) 




H NMR (400 MHz, CDCl3) 










J = 8. 2 Hz), 7.13 (dt, 2H, 6.4, J = 2.0 Hz), 5.88 (s, 1H), 2.38 (s, 3H); 
13
C NMR (100 MHz, CDCl3) δ 
166.0, 152.0, 148.6, 135.6, 133.7, 130.0, 129.2, 127.9, 127.3, 127.1, 126.8, 124.4, 122.1, 121.3, 




 Calcd for C18H14O3 278.0943, found 278.0941.; mp 155-156 








4-Methoxyphenyl 4-hydroxy-2-naphthalenecarboxylate (7c) 




H NMR (500 MHz, 
CDCl3) δ 8.39 (s, 1H), 8.26 (d, 1H, J = 8.4 Hz), 7.96 (d, 1H, J = 7.9 Hz), 7.63 (ddd, 1H, J = 8.3, 6.9, 
1.4 Hz), 7.57 (ddd, 1H, J = 8.1, 6.9, 1.2 Hz), 7.55 (d, 1H, J = 1.3 Hz), 7.17 (dt, 2H, J = 9.0, 2.3 Hz), 
6.96 (dt, 2H, J = 9.1, 2.3 Hz), 5.81 (s, 1H), 3.83 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 165.7, 157.3, 













4-Chlorophenyl 4-hydroxy-2-naphthalenecarboxylate (7d) 




H NMR (500 MHz, DMSO) δ 10.6 (s, 
1H), 8.30 (s, 1H), 8.21 (dd, 1H, J = 7.7, 1.0 Hz), 8.11 (dd, 1H, J = 7.5, 1.6 Hz), 7.65 (ddd, 1H, J = 
8.3, 6.8, 1.4 Hz), 7.63 (ddd, 1H, J = 8.3, 6.9, 1.4 Hz), 7.56 (d, 2H, J = 8.8 Hz), 7.48 (d, 1H, J = 1.5 
Hz), 7.39 (d, 2H, J = 8.8 Hz); 
13
C NMR (125 MHz, DMSO) δ 165.2, 154.2, 150.0, 133.9, 130.6, 
























4-(sec-Butyl)phenyl 4-hydroxy-2-naphthalenecarboxylate (7e) 




H NMR (500 MHz, CDCl3) 
δ 8.39 (s, 1H), 8.26 (d, 1H, J = 7.7 Hz), 7.96 (d, 1H, J = 7.6 Hz), 7.63 (ddd, 1H, J = 8.3, 6.9, 1.4 Hz), 
7.59 (ddd, 1H, J = 8.1, 6.9, 1.3 Hz), 7.56 (d, 1H, J = 1.4 Hz), 7.25 (d, 2H, J = 7.9 Hz), 7.17 (d, 2H, J 
= 8.6 Hz), 5.76 (s, 1H), 2.68-2.61 (m, 1H), 1.65-1.58 (m, 2H), 1.26 (d, 3H, J = 6.9 Hz), 0.86 (t, 3H, J 
= 7.4 Hz); 
13
C NMR (100 MHz, CDCl3) δ 165.9, 152.1, 148.8, 145.4, 133.7, 129.2, 128.0, 127.8, 













4-(tert-Butyl)phenyl 4-hydroxy-2-naphthalenecarboxylate (7f) 




H NMR (500 MHz, 
CDCl3) δ 8.39 (s, 1H), 8.26 (d, 1H, J = 8.3 Hz), 7.96 (d, 1H, J = 7.6 Hz), 7.64 (ddd, 1H, J = 8.3, 6.9, 
1.4 Hz), 7.59 (ddd, 1H, J = 8.1, 6.9, 1.2 Hz), 7.54 (d, 1H, J = 1.4 Hz), 7.45 (dt, 2H, J = 8.8, 3.0 Hz), 
7.17 (dt, 2H, J = 8.7, 3 Hz), 5.64 (s, 1H), 1.35 (s, 9H); 
13
C NMR (125 MHz, CDCl3) δ 165.5, 151.8, 
148.8, 148.6, 133.8, 129.3, 127.9, 127.4, 127.0, 126.9, 126.4, 124.6, 122.0, 121.0, 107.7, 34.5, 31.4 





















3-Methylphenyl 4-hydroxy-2-naphthalenecarboxylate (7g) 




H NMR (400 MHz, CDCl3) δ 8.39 
(s, 1H), 8.26 (d, 1H, J = 8.4 Hz), 7.96 (dd, 1H, J = 7.5, 1.2 Hz), 7.64 (ddd, 1H, J = 8.4, 6.9, 1.6 Hz), 
7.59 (ddd, 1H, J = 8.1, 6.9, 1.3 Hz), 7.55 (d, 1H, J = 1.4 Hz), 7.33 (t, 1H, J = 7.7 Hz), 7.10 (d, 1H, J 
= 8.2 Hz), 7.06-7.04 (m, 2H), 5.78 (s, 1H), 2.40 (s, 3H); 
13
C NMR (100 MHz, CDCl3) δ 165.9, 152.1, 
150.8, 139.7, 133.7, 129.26, 129.22, 127.8, 127.3, 127.2, 126.8, 126.7, 124.4, 122.2, 122.1, 118.6, 
107.6, 21.3 ppm; Anal. Found: C, 77.53; H, 5.12 %. Calcd for C18H14O3: C, 77.68; H, 5.07 %; mp 






3-Methoxyphenyl 4-hydroxy-2-naphthalenecarboxylate (7h) 




H NMR (400 MHz, CDCl3) 
δ 8.39 (s, 1H), 8.26 (d, 1H, J = 8.5 Hz), 7.96 (d, 1H, J = 8.6 Hz), 7.64 (ddd, 1H, J = 8.3, 6.9, 1.6 Hz), 
7.59 (ddd, 1H, J = 8.1, 6.9, 1.4 Hz), 7.55 (d, 1H, J = 1.4 Hz), 7.34 (t, 1H, J = 8.2 Hz), 6.87-6.81 (m, 
3H), 5.77 (s, 1H), 3.83 (s, 3H); 
13
C NMR (125 MHz, DMSO-d6) δ 165.2, 160.7, 154.2, 152.2, 133.9, 
130.5, 129.7, 128.1, 127.8, 127.5, 127.0, 122.6, 122.5, 114.5, 112.3, 108.4, 107.0, 55.9 ppm; Anal. 






3-Chlorophenyl 4-hydroxy-2-naphthalenecarboxylate (7i) 



















δ 8.38 (s, 1H), 8.27 (d, 1H, J = 7.6 Hz), 7.96 (d, 1H, J = 7.6 Hz), 7.65 (ddd, 1H, J = 8.2, 6.7, 1.2 Hz), 
7.60 (ddd, 1H, J = 8.2, 7.0, 1.2 Hz), 7.51 (d, 1H, J = 1.2 Hz), 7.38 (t, 1H, J = 8.2 Hz), 7.31-7.27 (m, 
2H), 7.18-7.16 (m, 1H), 5.76 (s, 1H); 
13
C NMR (125 MHz, CDCl3) δ 164.9, 151.9, 151.5, 134.8, 
133.8, 130.3, 129.3, 128.2, 127.5, 127.2, 126.3, 126.2, 124.8, 122.4, 122.0, 120.2, 107.5 ppm; Anal. 
Found: C, 68.40; H, 3.75 %. Calcd for C17H11
35






2-Methylphenyl 4-hydroxy-2-naphthalenecarboxylate (7j) 




H NMR (400 MHz, CDCl3) δ 8.42 
(s, 1H), 8.26 (d, 1H, J = 8.4 Hz), 7.97 (d, 1H, J = 7.5, 1.1 Hz), 7.64 (ddd, 1H, J = 8.4, 7.0, 1.6 Hz), 
7.61-7.58 (m, 2H), 7.31-7.23 (m, 2H), 7.21-7.16 (m, 2H), 5.84 (s, 1H), 2.26 (s, 3H); 
13
C NMR (100 
MHz, CDCl3) δ 165.6, 152.2, 149.5, 133.7, 131.2, 130.3, 129.2, 127.9, 127.3, 127.2, 127.0, 126.5, 




 Calcd for C18H14O3 278.0943, 






2-Methylphenyl 4-hydroxy-2-naphthalenecarboxylate (7k) 




H NMR (400 MHz, CDCl3) 
δ 8.42 (s, 1H), 8.25 (d, 1H, J = 8.2 Hz), 7.95 (d, 1H, J = 7.7 Hz), 7.64-7.55 (m, 3H), 7.29-7.24 (m, 
1H), 7.20 (dd, 1H, J = 3.9, 1.4 Hz), 7.05-6.99 (m, 2H), 5.84 (s, 1H), 3.83 (s, 3H); 
13
C NMR (100 
MHz, CDCl3) δ 165.4, 152.1, 151.3, 139.9, 133.7, 129.2, 127.8, 127.2, 127.1, 127.0, 126.5, 124.5, 
122.9, 122.0, 120.9, 112.5, 107.9, 55.9 ppm; Anal. Found: C, 73.26; H, 4.82 %. Calcd for C18H14O4: 

















2-Chlorophenyl 4-hydroxy-2-naphthalenecarboxylate (7l) 




H NMR (500 MHz, 
DMSO) δ 10.7 (s, 1H), 8.34 (s, 1H), 8.22 (d, 1H, J = 7.9 Hz), 8.13 (d, 1H, J = 7.3 Hz), 7.68-7.62 (m, 
3H), 7.53-7.46 (m, 3H), 7.39 (ddd, 1H, J = 7.8, 7.4, 1.7 Hz); 
13
C NMR (125 MHz,DMSO) δ 164.5, 
154.3, 147.3, 133.9, 130.6, 129.8, 129.1, 128.4, 128.3, 127.9, 127.7, 126.4, 126.2, 124.9, 122.9, 
122.6, 106.9 ppm; Anal. Found: C, 68.21; H, 3.67 %. Calcd for C17H11
35
ClO3: C, 68.35; H, 3.71 %; 






2-Methoxycarbonylphenyl 4-hydroxy-2-naphthalenecarboxylate (7m) 




H NMR (500 
MHz, CDCl3) δ 8.41(s, 1H), 8.23(d, 1H, J = 8.3Hz), 8.09(dd, 1H, J = 7.8, 1.7Hz), 7.95(d, 1H, J= 7.5 
Hz), 7.65-7.55(m, 4H), 7.38(ddd, 1H, J = 8.7, 7.7, 1.1Hz), 7.28 (dd, 1H, J = 8.1, 1.0 Hz), 5.95 (s, 
1H), 3.74 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 165.5, 165.2, 151.9, 150.8, 133.9, 133.8, 131.9, 











3,5-Dimethoxyphenyl 4-hydroxy-2-naphthalenecarboxylate (7n) 





















J = 8.3, 6.9, 1.5 Hz), 7.59 (ddd, 1H, J = 8.1, 6.9, 1.3 Hz), 7.55 (d, 1H, J = 1.4 Hz), 6.43 (d, 2H, J = 
2.2 Hz), 6.40 (t, 1H, J = 2.2 Hz), 5.90 (s, 1H), 3.80 (s, 6H); 
13
C NMR (100 MHz, CDCl3) δ 165.5, 











Naphthalenyl 4-hydroxy-2-naphthalenecarboxylate (7o) 




H NMR (400 MHz, CDCl3) δ 8.54 (s, 
1H), 8.27 (dd, 1H, J = 8.4, 1.0 Hz), 8.00 (dd, 1H, J = 7.3, 1.3 Hz), 7.96 (dd, 1H, J = 7.9, 1.3 Hz), 
7.91 (dd, 1H, J = 7.5, 2.1 Hz), 7.80 (d, 1H, J = 8.3 Hz), 7.66-7.58 (m, 3H), 7.55-7.46 (m, 3H), 7.41 
(dd, 1H, J = 7.5, 0.9 Hz), 5.87 (s, 1H); 
13
C NMR (125 MHz, DMSO-d6) δ 165.5, 154.3, 146.9, 134.7, 
134.0, 129.8, 128.6, 128.3, 127.8, 127.7, 127.4, 127.2, 126.9, 126.7, 126.5, 126.3, 122.9, 122.6, 




 Calcd for C21H14O3 314.0943, found 314.0936.; mp 
195-196 C (dec); white solid. 
 
 
Synthesis of Phenyl 4-Hydroxy-1-methyl-2-naphthalenecarboxylate (7p): 
To a suspention of sodium hydride (60%, dispersion in mineral oil, washed with hexane (4.28 g, 107 
mmol)) in toluene (40 mL) was added to dimethyl succinate (18.7 g, 128 mmol), methanol (39.5 mg, 
1.23 mmol) at 0 C and was sttired for 15 minute. A solution of acetophenone (5.15g, 42.8 mmol) in 
toluene (10 mL) was added at 0 C. The reaction mixture was warmed to room temperature and the 
stirring was continued for overnight. The mixture was poured over ice and stirred for 1 hour at room 
temperature. The organic layer was extracted three times with 1 M K2CO3 aq and the aqueous layer 
was washed three times with ethyl acetate. The aqueous layer was acidified with cond. HCl and the 
organic layer was extracted three times with ethyl acetate. The combined extracts were washed with 
water and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo 
to afford crude compounds. Sodium acetate (7.03 g, 85.7 mmol) and acetic anhydride (100 mL) were 






hour. After cooling to room temperature, the reaction was stopped by adding water and then the 
solvent was removed in vacuo. The mixture was extracted three times with ethyl acetate. The 
combined extracts were washed with water and brine, and then, dried over anhydrous sodium sulfate. 
The solvent was removed in vacuo to afford crude compounds. The crude materials were purified by 
flash column chromatography (silica gel: hexane/ethyl acetate = 9/1) to give Methyl 
4-acetyloxy-1-methyl-2-naphthalenecarboxylate (8a)  (4.67 g, 42%) as a yellow solid.
 1
H NMR 
(500 MHz, CDCl3) δ 8.24-8.21 (m, 1H), 7.90-7.86 (m, 1H), 7.65 (s, 1H), 7.63-7.59 (m, 2H), 3.94 
(s, 3H), 2.94 (s, 3H), 2.46 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 169.4, 168.1, 144.5, 135.9, 134.0, 
128.2, 127.9, 127.1, 127.0, 125.8, 121.5, 118.2, 52.2, 20.9, 15.6 ppm. 
To a solution of Methyl 4-acetyloy-1-methyl-2-naphthalenecarboxylate (8a) (513 mg, 1.98 mmol) in 
methanol (3 mL), potassium hydroxide (454 mg, 8.09 mmol) was added at room temperature and the 
mixture was stirred for 2 hour at 80 C. After cooling to room temperature, the mixture was diluted 
with water and then washed with Et2O. After the aqueous layer was acidified with 2N HCl, the 
organic material was extracted three times with ethyl acetate. The combined extracts was washed 
with water and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo to afford crude compounds. N,N-dimethyl-4-aminopyridine (24.0 mg, 0.196 mmol), acetic 
anhydride (604 mg, 5.92 mmol) and pyridine (3 mL) were added to this crude material at 0 C. The 
reaction mixture was stirred at room temperature for 4 hour. The reaction was quenched with water, 
and the aqueous layer was acidified with 2N HCl. The organic materials were extracted three times 
with ethyl acetate. The combined extracts were washed with water and brine, and then, dried over 
anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude compounds. The crude 
materials were purified by flash column chromatography (silica gel: chloroform/methanol = 99/1) to 
give 4-acetyloxy-1-methyl-2-naphthalenecarboxylic acid (10a) (405 mg, 84%).
 1
H NMR (500 MHz, 
acetone-d6) δ 11.5 (s, 1H), 8.35-8.31 (m, 1H), 8.03-7.99 (m, 1H), 7.71-7.66 (m, 3H), 2.96 (s, 3H), 
2.47 (s, 3H). 
To a solution of phenol (163 mg, 1.73 mmol), 4-acetyloxy-1-methyl-2-naphthalenecarboxylic acid 
(10a) (404 g, 1.65 mmol) and N,N-dimethyl-4-aminopyridine (DMAP) (16.7 mg, 0.136 mmol) in 
dichloromethane (8 mL), N,N’-dicyclohexylcarbodiimide (391 mg, 1.89 mmol) was added at 0 C 
and the mixture was stirred for 1.5 hour at room temperature. The mixture was filtered and the 
solvent was removed in vacuo. The crude materials were purified by flash column chromatography 
(silica gel: hexane/ethyl acetate = 7/1) to give Phenyl 
33 
 
4-acetyloxy-1-methyl-2-naphthalenecarboxylate (11a) (452 mg, 86%). 
1
H NMR (500 MHz, CDCl3) 
δ 8.17-8.16 (m, 1H), 7.90-7.86 (m, 2H), 7.60-7.54 (m, 2H), 7.42-7.37 (m, 2H), 7.26-7.22 (m, 3H), 
2.96 (s, 3H), 2.42 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 169.5, 165.8, 150.8, 144.7, 137.4, 134.0, 
129.4, 128.5, 128.3, 127.2, 126.0, 121.7, 121.5, 120.3, 118.4, 115.1, 20.9, 15.7 ppm. 
To a solution of Phenyl 4-acetyloxy-1-methyl-2-naphthalenecarboxylate (11a) (445 mg, 1.39 mmol) 
in acetone (10 mL), 3 M HCl (5 mL) was added at 70 C and the mixture was stirred for 4 hour. The 
mixture was extracted three times with ethyl acetate. The combined extracts were washed with 
sat.NaHCO3 aq, brine and then dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo to afford crude compounds. The crude materials were purified by flash column 






Phenyl 4-hydroxy-1-methyl-2-naphthalenecarboxylate (7p) 
IR (KBr) 3394, 1706, 1597, 1491, 1382, 1355, 1287, 1212, 1165, 1143, 1085, 1068; 
1
H NMR (500 
MHz, CDCl3) δ 8.28-8.25 (m, 1H), 8.21-8.17 (m, 1H), 7.64-7.60 (m, 2H), 7.46-7.42 (m, 3H), 7.41 (s, 
1H), 7.30-7.27 (m, 1H), 7.24 (dd, 1H, J = 7.5, 2.0 Hz), 5.50 (s, 1H), 2.94 (s, 3H); 
13
C NMR (125 
MHz, CDCl3) δ 166.8, 150.9, 149.5, 134.2, 131.2, 129.5, 127.17, 127.15, 126.4, 126.1, 125.9, 125.5, 




 Calcd for C18H14O3 278.0943, found 
278.0934.; mp 146-147 C (dec); pale yellow solid. 
 
Compound 7q was synthesized in 32% yield (1.23 g) as a white solid from benzophenone instead of 





Phenyl 4-hydroxy-1-phenyl-2-naphthalenecarboxylate (7q) 











(500 MHz, DMSO-d6) δ 10.7 (s, 1H), 8.29 (d, 1H, J = 8.2 Hz), 7.62 (ddd, 1H, J = 8.2, 6.7, 1.2 Hz), 
7.54-7.44 (m, 5H), 7.37-7.33 (m, 5H), 7.21 (t, 1H, J = 7.4 Hz), 6.77 (dd, 2H, J = 8.5, 0.9 Hz); 
13
C 
NMR (125 MHz, DMSO-d6) δ 167.1, 153.4, 150.7, 139.1, 133.5, 131.8, 130.6, 129.8, 128.6, 128.3, 




 Calcd for 
C23H16O3 340.1099, found 340.1100.; mp 189 C (dec); white solid. 
 
Synthesis of phenyl 4-Hydroxy-1-methoxy-2-naphthalenecarboxylate (7r):  
To a solution of Phenyl 1,4-dihydroxy-2-naphthoate (13) (840 mg, 3.00 mmol) in dichloromethane 
(15 mL), pyridinium p-toluenesulfonate (PPTS) (73.6 mg, 0.293 mmol) and 3,4-dihydro-2H-pyrane 
(DHP) (716 mg, 8.51 mmol) was added and the mixture was stirred for 1 day at room temperature. 
The mixture was washed with sat. NaHCO3 aq. and then dried over anhydrous sodium sulfate. The 
solvent was removed in vacuo. The crude materials were purified by flash column chromatography 
(silica gel: hexane/ethyl acetate = 98/2) to give Phenyl 
4-tetrahydro-2H-pyranyloxy-1-methoxy-2-naphthalenecarboxylate (14) (727 mg, 67%). 
To a solution of Phenyl 4-tetrahydro-2H-pyranyloxy-1-hydroxy-2-naphthalenecarboxylate (14) (727 
mg, 2.00 mmol) and potassium carbonate (829 mg, 6.00 mmol) in dimethoxyethane (DME) (5 mL), 
dimethyl sulfate (266 mg, 2.11 mmol) was added at room teperature and the mixture was stirred for 
5 hour at reflux. After cooling to room temperature, the reaction was stopped by adding Et3N. The 
mixture was filtered through a Celite pad (washed with ethyl acetate). The solvent was removed in 
vacuo to afford crude compounds.  
Acetic acid (4 mL), THF (2 mL) and water (1 mL) were added to this crude material at room 
temperature. The mixture was stirred for 7 hour at 45 C. The mixture was extracted three times with 
ethyl acetate. The combined extracts were washed with brine and then dried over anhydrous sodium 
sulfate. The mixture was washed with sat. NaHCO3 aq. and then dried over anhydrous sodium 
sulfate. The solvent was removed in vacuo. The crude materials were purified by flash column 












Phenyl 4-hydroxy-1-methoxy-2-naphthalenecarboxylate (7r) 
IR (KBr) 3394, 1733, 1627, 1597, 1477, 1375, 1303, 1266, 1193, 1141, 1066; 
1
H NMR (500 MHz, 
CDCl3) δ 8.27 (dd, 1H, J = 6.8, 1.6 Hz), 8.22 (dd, 1H, J = 6.9, 1.6 Hz), 7.66-7.59 (m, 2H), 7.46-7.42 
(m, 2H), 7.39 (s, 1H), 7.30-7.23 (m, 3H), 5.66 (s, 1H), 4.07 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 
164.5, 153.1, 150.8, 147.6, 129.54, 129.50, 128.1, 127.2, 125.9, 123.7, 122.3, 121.7, 117.9, 108.9, 




 Calcd for C18H14O4 294.0892, found 294.0896.; mp 146 C 
(dec); yellow solid. 
 
Typical procedure for the preparation of diazonaphthoquinone 18. 
Synthesis of 18a: to a solution of 2-chloro-1,3-dimethylimidazolinium chloride (477 mg, 2.82 
mmol) in acetonitrile (3 mL), sodium azide (228.6 mg, 3.52 mmol) was added at -20 C and the 
mixture was stirred for 1 hour. Naphthol 7a (477.3 mg, 1.81 mmol) and triethylamine (0.5 mL, 3.58 
mmol) in THF (18 mL) was added to the mixture, which was stirred for 30 min. The reaction was 
quenched with water, and organic materials were extracted three times with ethyl acetate. The 
combined extracts were washed with water and brine, and then, dried over anhydrous sodium sulfate. 
The solvent was removed in vacuo to afford crude compounds. The crude materials were purified by 
flash column chromatography (silica gel: hexane/ethyl acetate = 4/1) to give diazonaphthoquinone 






Phenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18a) 




H NMR (400 MHz, CDCl3) δ 8.42 
(dd, 1H, J = 7.9, 0.5 Hz), 7.76 (s, 1H), 7.79-7.70 (m, 2H), 7.65 (ddd, 1H, J = 8.3, 6.6, 1.8), 7.49-7.45 
(m, 2H), 7.35-7.31 (m, 1H), 7.25-7.23 (m, 2H); 
13
CNMR (100MHz, CDCl3) δ 179.0, 162.1, 150.2, 

















 4-Methylphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18b) 




H NMR (400 MHz, CDCl3) δ 8.41 
(dd, 1H, J = 8.0, 0.6 Hz), 7.73-7.70 (m, 3H), 7.64 (ddd, 1H, J = 8.1, 6.7, 1.7 Hz), 7.25 (d, 2H, J = 8.2 
Hz), 7.11 (d, 2H, J = 8.5 Hz), 2.39 (s, 3H); 
13
CNMR (100MHz, CDCl3) δ 179.0, 162.3, 148.0, 136.2, 












4-Methoxyphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18c) 




H NMR (400 MHz, CDCl3) δ 8.42 (dd, 
1H, J = 7.4, 0.5Hz)7.76-7.69 (m, 3H), 7.65 (ddd, 1H, J = 8.3, 6.5, 1.8 Hz), 7.15 (dt, 2H, J = 9.1, 3.7 
Hz), 6.97 (dt, 2H, J = 9.1, 3.6 Hz), 3.83 (s, 3H); 
13
CNMR (100MHz, CDCl3) δ 179.0, 162.5, 157.7, 












4-Chlorophenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18d) 




H NMR (400 MHz, CDCl3) δ 8.42 (dd, 
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1H, J = 7.3, 0.6 Hz), 7.76-7.69 (m, 3H), 7.66 (ddd, 1H, J = 8.0, 6.8, 1.6 Hz), 7.43 (dt, 2H, J = 8.8, 
2.1 Hz), 7.19 (dt, 2H, J = 8.9, 2.2 Hz); 
13
CNMR (100MHz, CDCl3) δ 178.9, 161.9, 148.6, 134.9, 













4-(sec-Butyl)phenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18e) 




H NMR (400 MHz, 
CDCl3) δ 8.42 (dd, 1H, J = 7.4, 0.5 Hz), 7.70-7.76 (m, 3H), 7.64 (ddd, 1H, J = 8.3, 7.7, 1.8 Hz), 7.26 
(d, 2H, J = 8.5 Hz), 7.15 (d, 2H, J = 8.5 Hz), 2.65 (q, 1H, J = 7.0 Hz), 1.61 (q, 2H, J = 7.3 Hz), 1.26 
(d, 3H, J = 6.9 Hz), 0.85 (t, 3H, J = 7.3 Hz); 
13
CNMR (100MHz, CDCl3) δ 179.1, 162.3, 148.1, 





 Calcd for C21H18N2O3 346.1312, found 346.1317.; mp 147-148 C 






4-(tert-Butyl)phenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18f)  




H NMR (500 MHz, 
CDCl3) δ 8.42 (dd, 1H, J = 7.9 Hz), 7.70-7.75 (m, 3H), 7.65 (ddd, 1H, J = 8.3, 6.7, 1.8 Hz), 7.47 (d, 
2H, J = 8.9 Hz ), 7.15 (d, 2H, J = 8.6 Hz), 1.35 (s, 9H); 
13
CNMR (125MHz, CDCl3) δ 179.1, 162.4, 
149.5, 147.9, 134.6, 133.0, 131.1, 130.0, 129.9, 126.6, 125.8, 124.0, 120.7, 118.6, 34.6, 31.4 ppm; 
Anal. Found: C, 72.49; H, 5.24; N, 8.13%. Calcd for C21H18N2O3: C, 72.82; H, 5.24; N, 8.09%; mp 









3-Methylphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18g) 




H NMR (400 MHz, CDCl3) 
δ 8.42 (dd, 1H, J = 7.9, 0.6 Hz), 7.69-7.76 (m, 3H), 7.64 (ddd, 1H, J = 8.2, 6.7, 1.7 Hz), 7.34 (t, 1H, 
J = 7.7 Hz), 7.13 (d, 1H, J = 7.6 Hz), 7.05-7.02 (m, 2H), 2,41 (s, 3H); 
13
CNMR (100MHz, CDCl3) δ 
179.0, 162.2, 150.2, 140.0, 134.5, 132.9, 131.0, 130.0, 129.9, 129.4, 127.3, 125.7, 124.0, 121.9, 




 Calcd for C18H12N2O3 304.0848, found 304.0849.; 






3-Methoxyphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18h) 




H NMR (400 MHz, CDCl3) δ 8.42 (dd, 
1H, J = 8.0, 0.6 Hz), 7.76-7.69 (m, 3H), 7.65 (ddd, 1H, J = 8.3, 6.7, 1.8 Hz),  7.36 (t, 1H, J = 8.2 
Hz), 6.78-6.88 (m, 3H), 3.84 (s, 3H); 
13
CNMR (100MHz, CDCl3) δ 179.0, 162.0, 160.7, 151.2, 





 Calcd for C18H12N2O4 320.0797, found 320.0804.; mp 145 C (dec); yellow 






3-Chlorophenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18i) 




H NMR (400 MHz, CDCl3) δ 8.42 
(dd, 1H, J = 7.9, 0.6 Hz), 7.69-7.77 (m, 3H), 7.66 (ddd, 1H, J = 8.3, 6.8, 1.6 Hz), 7.40 (t, 1H, J = 8.0 
Hz), 7.29-7.33 (m, 2H), 7.16 (dq, 1H, J = 8.1, 1.0 Hz); 
13
CNMR (100MHz, CDCl3) δ 179.0, 161.7, 
39 
 





 Calcd for C17H9
35
ClN2O3 324.0302, found 324.0307.; mp 152-153 C (dec); 







2-Methylphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18j) 




H NMR (400 MHz, CDCl3) δ 
8.43 (d, 1H, J = 8.0 Hz), 7.77 (s, 1H) 7.76-7.72 (m, 2H), 7.65 (ddd, 1H, J = 8.3, 6.5, 2.0 Hz), 
7.32-7.21 (m, 3H), 7.15 (dd, 1H, J = 7.9, 1.3 Hz), 2.27 (s, 3H); 
13
CNMR (125 MHz, CDCl3) δ 179.0, 
161.9, 148.9, 134.5, 132.9, 131.4, 131.1, 130.08, 130.06, 130.0, 127.2, 126.7, 125.8, 124.0, 121.7, 




 Calcd for C18H12N2O3 304.0848, found 304.0838.; mp 170 







2-Methoxyphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18k) 




H NMR (400 MHz, 
CDCl3) δ 8.42 (dd, 1H, J = 7.9, 0.5 Hz), 7.76 (s, 1 H), 7.75-7.69 (m, 2H), 7.64 (ddd, 1H, J = 8.3, 6.5, 
2.0 Hz), 7.29 (ddd, 1H, J = 8.3, 7.6, 1.7 Hz), 7.18 (dd, 1H, J = 7.9, 1.6 Hz), 7.00-7.06 (m, 2H), 3.85 
(s, 3H); 
13
CNMR (125 MHz, CDCl3) δ 179.1, 161.7, 151.0, 139.2, 134.6, 132.9, 131.1, 130.0, 129.9, 




 Calcd for 







2-Chlorophenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18l) 
40 
 




H NMR (400 MHz, CDCl3) δ 8.42 
(dd, 1H, J = 7.8, 0.4 Hz), 7.81 (s, 1H), 7.75-7.69 (m, 2H), 7.66 (ddd, 1H, J = 8.1, 6.3, 2.2 Hz), 7.53 
(dd, 1H, J = 7.5, 1.5 Hz), 7.37 (ddd, 1H, J = 8.3, 7.3, 1.6 Hz), 7.31-7.26 (m, 2H); 
13
CNMR (100 
MHz, CDCl3) δ 179.0, 161.3, 146.5, 134.5, 133.0, 131.198, 130.197, 130.5, 130.19, 130.17, 128.0, 




 Calcd for C17H9
35
ClN2O3 







2-Methoxycarbonylphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18m) 




H NMR (400 MHz, CDCl3) δ 8.43 
(dd, 1H, J = 7.8, 0.5 Hz), 8.12 (dd, 1H, J = 7.9, 1.6 Hz), 7.77 (s, 1H), 7.76-7.62 (m, 4H), 7.42 (ddd, 
1H, J = 7.7, 6.6, 1.1 Hz), 7.27 (dd, 1H, J = 7.9, 1.1 Hz), 3.83 (s, 3H); 
13
CNMR (100 MHz, CDCl3) δ 
179.1, 164.5, 162.2, 150.1, 134.6, 134.1, 132.8, 132.0, 131.1, 130.1, 129.8, 126.6, 125.7, 124.3, 




 Calcd for C19H12N2O5 348.0746, found 








3,5-Dimethoxyphenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18n) 




H NMR (400 MHz, CDCl3) 
δ 8.42 (dd, 1H, J = 7.8, 0.4 Hz), 7.72 (s, 1H), 7.76-7.71 (m, 2H), 7.65 (ddd, 1H, J = 8.2, 6.7, 1.7), 
6.43-6.39 (m, 3H), 3.81 (s, 6H); 
13
CNMR (125 MHz, CDCl3) δ 179.1, 162.0, 161.3, 151.7, 134.5, 













Naphthalenyl 3-diazo-3,4-dihydro-4-oxo-2-naphthalenecarboxylate (18o) 




H NMR (400 MHz, CDCl3) δ 8.46 (dd, 1H, J = 
7.8, 0.6 Hz), 7.95 (s, 1H), 7.93 (ddd, 2H, J = 7.5, 2.6, 2.6 Hz), 7.84 (d, 1H, J = 8.3 Hz), 7.77 (d, 2H, 
J = 3.7 Hz), 7.70-7.66 (m, 1H), 7.57-7.52 (m, 3H), 7.39 (dd, 1H, J = 7.5, 0.9 Hz); 
13
CNMR (100 
MHz, CDCl3) δ 179.0, 162.3, 146.1, 134.7, 134.5, 133.3, 131.2, 130.14, 130.13, 128.2, 126.8, 126.7, 




 Calcd for 







Phenyl 3-diazo-3,4-dihydro-1methyl-4-oxo-2-naphthalenecarboxylate (18p) 




H NMR (500 MHz, 
CDCl3) δ 8.46 (dd, 1H, J = 7.9, 1.2 Hz), 7.96 (d, 1H, J = 8.1 Hz), 7.78 (ddd, 1H, J = 8.4, 7.3, 1.5 Hz), 
7.64 (ddd, 1H, J = 8.0, 8.0, 0.9 Hz), 7.50-7.46 (m, 2H), 7.35-7.32 (ddd, 1H, J = 8.5, 8.4, 0.9 Hz), 
7.24-7.22 (m, 2H), 2.78 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 178.9, 163.1, 150.0, 136.4, 133.0, 












Phenyl 3-diazo-3,4-dihydro-4-oxo-1-phenyl-2-naphthalenecarboxylate (18q) 




H NMR (500 MHz, 
CDCl3) δ 8.48 (dd, 1H, J = 6.7, 2.6 Hz), 7.61-7.56 (m, 2H), 7.51-7.44 (m, 3H), 7.37 (dd, 2H, J = 8.0, 
1.4 Hz), 7.28-7.25 (m, 3H), 7.17 (t, 1H, J = 7.4 Hz), 6.66 (d, 2H, J = 7.7 Hz); 
13
CNMR (125 MHz, 
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CDCl3) δ 178.5, 163.1, 149.7, 137.6, 136.4, 133.8, 132.7, 130.4, 129.9, 129.3, 129.2, 129.0, 128.4, 




 Calcd for C23H14N2O3 366.1004, 







Phenyl 3-diazo-3,4-dihydro-1-methoxy-4-oxo-2-naphthalenecarboxylate (18r) 




H NMR (500 
MHz, CDCl3) δ 8.43 (dd, 1H, J = 8.0, 0.9 Hz), 8.04 (dd, 1H, J = 8.1, 0.6 Hz), 7.80 (ddd, 1H, J = 8.2, 
7.3, 1.3 Hz), 7.69 (ddd, 1H, J = 8.2, 7.3, 1.2 Hz), 7.50-7.45 (m, 2H), 7.32 (ddd, 1H, J = 4.6, 4.6, 1.0 
Hz), 7.27-7.25 (m, 2H), 4.06 (s, 3H); 
13
CNMR (125 MHz, CDCl3) δ 177.8, 161.6, 150.6, 150.2, 














H NMR (500 MHz, CDCl3) δ 9.06 (brs, 1H), 8.28 (dd, 1H, J = 7.8, 0.8 Hz), 8.11 (dd, 1H, J = 7.7, 
0.9 Hz), 7.84 (ddd, 1H, J = 7.7, 7.7, 1.3 Hz), 7.69 (ddd, 1H, J = 7.6, 7.6, 1.2 Hz), 7.45-7.40 (m, 2H), 
7.30-7.25 (m, 3H), 7.09 (brs, 1H); 
13
CNMR (125 MHz, CDCl3) δ 180.2, 178.6, 167.9, 153.7, 150.6, 
136.1, 134.1, 132.5, 129.5, 129.4, 127.5, 126.4, 126.0, 122.0, 100.8 ppm. 
 
Typical procedure for the Rh-catalyzed cyclization of various 
3-aryloxycarbonyldiazonaphthoquones 18.  
Reaction of diazonaphthoquione 20a: to a solution of diazonaphthoquione 18a (88.3 mg, 0.304 
mmol) in benzene (30 mL), Rh2(oct)4 (3.5 mg, 1.5 mol%) was added at room temperature. The 
mixture was stirred for 1 h at 90 C as bath temperature. After cooling the mixture, the precipitates 
were collected by filtration to afford 20a (15.8 mg, 20% yield). The filtrate were concentrated in 
vacuo to afford the crude compound, which was purified by flash column chromatography (silica gel, 
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H NMR (400 MHz, DMSO-d6) δ 10.9 (brs, 
1H), 9.32 (dd, 1H, J = 8.2, 1.6 Hz) 8.61 (s, 1H) 8.51 (d, 1H, J = 8.7 Hz ) 8.20 (d, 1H, J = 8.1 Hz) 
7.77 (ddd, 1H, J = 8.4, 6.8, 1.2 Hz), 7.68 (ddd, 1H, J = 7.8, 6.9, 0.8 Hz), 7.50 (ddd, 1H, J = 8.4, 7.7, 
1.6 Hz), 7.44-7.38 (m, 2H); 
13
CNMR (100 MHz, DMSO-d6) δ 161.2, 151.5, 149.9, 132.9, 130.1, 

















H NMR (500 MHz, DMSO-d6) δ 
10.8 (brs, 1H), 9.15 (s, 1H), 8.60 (s, 1H), 8.49 (d, 1H, J = 8.6 Hz), 8.21(d, 1H, J = 8.2 Hz), 7.76 (ddd, 
1H, J = 8.3, 6.7, 1.2 Hz), 7.68 (t, 1H, J = 7.7), 7.32-7.27 (m, 2H), 2.44 (s, 3H); 
13
CNMR (125 MHz, 
DMSO-d6) δ 160.8, 151.0, 147.5, 133.2, 132.4, 129.6, 129.4, 128.4, 128.3, 128.2, 127.4, 123.6, 
122.4, 119.9, 118.2, 116.5, 114.5, 21.0 ppm; Anal. Found: C, 78.03; H, 4.41 %. Calcd for C18H12O3: 













H NMR (400 MHz, DMSO-d6) δ 
11.0 (brs, 1H), 8.89 (d, 1H, J = 3.0 Hz), 8.60 (s, 1H), 8.50 (d, 1H, J = 8.4 Hz), 8.21 (d, 1H, J = 8.1 
Hz), 7.76 (ddd, 1H, J = 8.1, 6.8, 1.1 Hz), 7.68 (ddd, 1H, J = 7.9, 7.2, 0.7 Hz), 7.34 (d, 1H, J = 8.9 
Hz), 7.09 (dd, 1H, J = 8.9, 3.0 Hz), 3.86 (s, 3H); 
13
C NMR (125 MHz, DMSO-d6) δ 160.8, 155.4, 
151.2, 143.7, 132.5, 129.6, 128.5, 128.3, 127.5, 123.7, 122.5, 119.8, 119.0, 117.5, 114.8, 114.4, 




 Calcd for C18H12O4 292.0736, found 292.0741.; mp 263-269 











H NMR (500 MHz, 
DMSO-d6) δ 11.2 (brs, 1H), 9.32 (d, 1H, J = 2.8 Hz), 8.59 (s, 1H), 8.49 (d, 1H, J = 8.5 Hz), 8.22(d, 
1H, J = 8.2 Hz), 7.78 (ddd, 1H, J = 8.2, 6.7, 1.2 Hz), 7.70 (t, 1H, J = 7.1 Hz), 7.53 (dd, 1H, J = 8.6, 
2.8 Hz), 7.42 (dd, 1H, J = 8.6 Hz); 
13
CNMR (125 MHz, DMSO-d6) δ 160.2, 151.4, 148.2, 132.7, 
129.6, 128.6, 128.3, 128.11, 128.09, 127.8, 127.2, 123.6, 122.5, 120.1, 119.5, 118.6, 113.1 ppm; 


















H NMR (500 MHz, 
DMSO-d6) δ 10.9 (brs, 1H), 9.21 (d, 1H, J = 1.7 Hz), 8.61 (s, 1H), 8.50 (d, 1H, J = 8.5 Hz), 8.21(d, 
1H, J = 8.1 Hz), 7.76 (ddd, 1H, J = 8.4, 6.8, 1.2 Hz), 7.67 (ddd, 1H, J = 7.9, 0.8 Hz), 7.35-7.31 (m, 




CNMR (125 MHz, DMSO-d6) δ 161.3, 151.5, 148.2, 143.4, 132.9, 130.1, 128.9, 128.8, 127.94, 
127.92, 127.0, 124.1, 122.9, 120.4, 118.8, 117.1, 115.1, 41.4, 31.2, 22.5, 12.6 ppm; Anal. Found: C, 




 Calcd for 












H NMR (500 MHz, CDCl3) 
δ 9.15 (d, 1H, J = 2.1 Hz), 8.74 (s, 1H), 8.07 (t, 2H, J = 9.2 Hz), 7.75 (t, 1H, J = 7.3 Hz), 7.63 (t, 1H, 
J = 7.0 Hz), 7.49 (dd 1H, J = 8.6, 2.1 Hz), 7.31 (d, 1H, J = 8.8 Hz), 6.29 (s, 1H), 4.06 (s, 9H); 
13
CNMR (125 MHz, CDCl3) δ 161.9, 148.3, 148.1, 147.4, 132.5, 130.4, 129.2, 127.3, 127.2, 126.5, 




 Calcd for 











H NMR (400 MHz, DMSO-d6) δ 10.8 (brs, 1H), 9.16 
(d, 1H, J = 8.1 Hz), 8.59 (s, 1H), 8.48 (d, 1H, J = 8.7 Hz ), 8.19 (d, 1H, J = 8.1 Hz), 7.75 (ddd, 1H, J 
= 8.4, 6.8, 1.2 Hz), 7.66 (ddd, 1H, J = 7.8, 0.8 Hz), 7.24 (d, 1H, J = 1.2 Hz), 7.21 (s, 1H), 3.34 (s, 
3H); 
13
CNMR (125 MHz, DMSO-d6) δ 160.8, 150.5, 149.4, 139.0, 132.2, 129.6, 128.37, 128.35, 


















H NMR (500 MHz, CDCl3) 8.56 (s, 
1H), 8.40 (d, 1H, J = 8.5, 0.7 Hz), 8.04 (d, 1H, J = 8.1 Hz), 7.72 (ddd, 1H, J = 8.3, 6.8, 1.2 Hz), 7.66 
(ddd, 1H, J = 8.1, 6.9, 1.2 Hz), 7.39 (ddd, 1H, J = 7.8 Hz), 7.26 (d, 1H, J = 7.1 Hz), 7.23 (d, 1H, J = 
8.0 Hz), 5.59 (s, 1H), 2.55 (s, 3H); 
13
CNMR (125 MHz, CDCl3) δ 161.7, 150.8, 147.4, 135.0, 133.0, 





 Calcd for C18H12O3 276.0786, found 276.0784.; mp 215-217 C (dec); yellow solid; 











H NMR (400 MHz, DMSO-d6) δ 
10.7 (s, 1H), 9.22 (d, 1H, J = 9.0 Hz), 8.58 (s, 1H), 8.46 (d, 1H, J = 8.5 Hz), 8.18 (d, 1H, J = 8.1 Hz), 
7.74 (ddd, 1H, J = 8.4, 6.8, 1.2 Hz), 7.64 (ddd, 1H, J = 7.7, 0.7 Hz), 7.02 (dd, 1H, J = 9.0, 2.7 Hz), 
6.99 (d, 1H, J = 2.6 Hz), 3.87 (s, 3H); 
13
C NMR (125 MHz, DMSO-d6) δ 160.9, 159.5, 150.8, 149.7, 





 Calcd for C18H12O4 292.0736, found 292.0736.; mp 280 C (dec); 











H NMR (400 MHz, 
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CDCl3) δ 10.0 (s, 1H), 8.64 (s, 1H), 8.56 (d, 1H, J = 8.3 Hz), 7.99 (d, 1H, J = 7.7 Hz ), 7.70-7.62 (m, 
2H), 7.45 (t, 1H, J = 8.2 Hz), 7.17 (dd, 1H, J = 8.1, 0.7 Hz), 7.03 (d, 1H, J = 8.2 Hz), 4.15 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 161.7, 153.6, 151.2, 150.5, 133.1, 129.4, 129.2, 128.7, 128.4, 128.0, 




 Calcd for C18H12O4 












H NMR (400 MHz, DMSO-d6) 11.0 (brs, 
1H), 9.26 (d, 1H, J = 8.8 Hz), 8.56 (s, 1H) 8.49 (d, 1H, J = 8.6 Hz), 8.18 (d, 1H, J = 8.1 Hz), 7.75 
(ddd, 1H, J = 8.4, 6.9, 1.2 Hz), 7.66 (t, 1H, J = 7.4 Hz), 7.48 (d, 1H, J = 2.3 Hz), 7.44 (dd, 1H, J = 
8.8, 2.3 Hz); 
13
CNMR (100 MHz, DMSO-d6) δ 160.7, 151.6, 150.5, 133.0, 132.8, 130.1, 130.0, 



















H NMR (500 MHz, DMSO-d6) δ 10.8 (brs, 1H), 9.19 
(dd, 1H, J = 8.1, 0.8 Hz), 8.61 (s, 1H), 8.50 (d, 1H, J = 8.5 Hz), 8.20 (d, 1H, J = 8.1 Hz), 7.75 (ddd, 
1H, J = 8.3, 6.8, 1.1 Hz), 7.67 (ddd, 1H, J = 7.8, 7.8, 0.8 Hz), 7.37 (dd, 1H, J = 7.2, 0.4 Hz), 7.29 (t, 
1H, J = 7.6 Hz), 2.43 (s, 3H); 
13
C NMR (125 MHz, DMSO-d6) δ 161.2, 151.8, 148.1, 132.9, 130.6, 





 Calcd for C18H12O3 276.0786, found 276.0788.; mp 280-285 C (dec); yellow solid; 













H NMR (400 MHz, DMSO-d6) δ 
11.0 (brs, 1H), 9.52 (d, 1H, J = 7.7 Hz), 8.61 (s, 1H), 8.51 (d, 1H, J = 8.5 Hz), 8.22 (d, 1H, J = 8.1 
Hz), 7.80-7.76 (m, 2H), 7.70 (t, 1H, J = 7.2 Hz), 7.48 (t, 1H, J = 7.9 Hz), 3.93 (s, 3H); 
13
C NMR 
(100 MHz, DMSO-d6) δ 165.8, 160.4, 151.9, 147.8, 133.2, 132.0, 130.1, 129.8, 129.0, 128.9, 128.2, 




 Calcd for C19H12O5 











H NMR (400 MHz, DMSO-d6) δ 9.87 
(brs, 1H), 8.50 (s, 1H), 8.41 (d, 1H, J = 8.4 Hz), 8.14 (d, 1H, J = 8.2 Hz), 7.73-7.64 (m, 2H), 6.77 (d, 
1H, J = 2.5 Hz), 6.76 (d, 1H, J = 2.5 Hz), 4.12 (s, 3H), 3.89 (s, 3H); 
13
C NMR (100 MHz, 
DMSO-d6) δ 161.3, 161.0, 155.6, 151.8, 149.1, 132.1, 129.3, 129.0, 128.9, 128.0, 123.7, 123.5, 
120.4, 111.3, 101.6, 97.4, 96.3, 58.2, 56.4 ppm; Anal. Found: C, 70.53; H, 4.37 %. Calcd for 




 Calcd for C19H14O5 322.0841, found 










H NMR (500 MHz, DMSO-d6) δ 10.9 (brs, 1H), 
9.42 (d, 1H, J = 7.3 Hz), 8.67 (s, 1H), 8.51 (d, 1H, J = 6.8 Hz), 8.40 (d, 1H, J = 6.5 Hz), 8.22 (d, 1H, 
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J = 6.5 Hz), 7.99 (d, 1H, J = 6.1 Hz), 7.89 (d, 1H, J = 7.3 Hz), 7.77 (t, 1H, J = 5.9 Hz), 7.69-7.62 (m, 
3H); 
13
C NMR (125 MHz, DMSO-d6) δ 161.1, 151.6, 144.9, 133.2, 133.0, 130.1, 129.1, 128.9, 127.9, 
127.8, 127.7, 127.3, 125.4, 124.2, 123.9, 123.4, 123.0, 121.7, 120.3, 115.6, 114.6 ppm; Anal. Found: 




 Calcd for 












H NMR (500 MHz, 
DMSO-d6) δ 10.5 (brs, 1H), 9.29 (dd, 1H, J = 8.2, 1.4 Hz), 8.49 (dd, 1H, J = 8.5, 0.7 Hz), 8.43 (d, 
1H, J = 8.4 Hz), 7.79 (ddd, 1H, J = 8.4, 6.7, 1.2 Hz), 7.73 (ddd, 1H, J = 8.1, 6.7, 1.2 Hz), 7.46 (ddd, 
1H, J = 8.7, 8.0, 1.5 Hz), 7.35 (ddd, 1H, J = 8.4, 7.2, 1.4 Hz), 7.33 (dd, 1H, J = 8.1, 1.3 Hz), 3.12 (s, 
3H); 
13
C NMR (125 MHz, DMSO-d6) δ 160.8, 149.8, 149.2, 134.8, 133.2, 129.3, 129.1, 129.0, 128.7, 




 Calcd for 










H NMR (500 MHz, DMSO-d6) δ 10.9 (s, 1H), 
9.36 (dd, 1H, J = 8.2, 1.4 Hz), 8.55 (d, 1H, J = 8.5 Hz), 7.75 (ddd, 1H, J = 8.3, 6.8, 1.0 Hz), 7.54 
(ddd, 1H, J = 7.9, 6.8, 1.0 Hz), 7.49-7.37 (m, 5H), 7.33-7.31 (m, 2H), 7.22 (dd, 2H, J = 8.2, 1.5 Hz); 
13
C NMR (125 MHz, DMSO-d6) δ 159.4, 150.9, 149.9, 140.7, 137.9, 133.4, 129.5, 129.4, 129.0, 


















H NMR (500 MHz, 
DMSO-d6) δ 10.5 (s, 1H), 9.30 (dd, 1H, J = 8.2, 1.4 Hz), 8.47 (d, 1H, J = 8.5 Hz), 8.33 (d, 1H, J = 
8.3 Hz), 7.82 (ddd, 1H, J = 8.3, 6.8, 1.1 Hz), 7.34 (ddd, 1H, J = 7.8, 7.8, 0.7 Hz), 7.47 (ddd, 1H, J = 
8.6, 8.2, 1.5 Hz), 7.36 (ddd, 1H, J = 8.4, 7.2, 1.3 Hz), 7.33 (dd, 1H, J = 8.0, 1.2 Hz), 3.97 (s, 3H); 
13
C NMR (125 MHz, DMSO-d6) δ 157.5, 154.6, 150.0, 147.0, 130.4, 129.6, 129.4, 128.9, 128.5, 




 Calcd for 





4-(tert-Butyl)phenyl 4-hydroxy-3-phenyl-2-naphthalenecarboxylate (21) 




H NMR (500 
MHz, CDCl3) δ 8.30 (dd, 1H, J = 9.8, 1.4 Hz), 8.26 (s, 1H), 7.96 (dd, 1H, J = 8.9, 1.9 Hz), 7.66-7.53 
(m, 4H), 7.49-7.43 (m, 3H), 7.30 (d, 2H, J = 8.7 Hz), 6.74 (d, 2H, J = 8.7 Hz), 5.68 (s, 1H), 1.27 (s, 
9H); 
13
C NMR (125 MHz, CDCl3) δ 166.3, 149.0, 148.4, 148.2, 135.2, 132.7, 130.1, 129.4, 128.6, 





 Calcd for C27H24O3 396.1725, found 396.1738; beige solid; 7.6 mg, 8%. 
 
Synthesis of 24: to a solution of phenol 23 (1.76 g, 7.35 mmol), carboxylic acid 22 (1.00 g, 3.54 
mmol) in dichloromethane (35 mL), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI) (0.742 
g, 3.87 mmol), N,N-dimethyl-4-aminopyridine (DMAP) (0.423 g, 3.46 mmol) were added at room 
temperature and the mixture was stirred for 1.5 hour. The reaction was quenched with water, and 
organic materials were extracted three times with ethyl acetate. The combined extracts were washed 
with water and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo to afford crude compounds. The crude materials were purified by flash column 
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H NMR (500 
MHz, CDCl3) δ 9.27 (s, 1H), 8.41 (d, 1H, J = 1.6 Hz), 7.56 (d, 1H, J = 1.6 Hz), 7.19 (s, 1H), 7.16 (s, 
1H), 6.86 (s, 1H), 4.72 (s, 2H), 4.62 (s, 2H), 4.07 (s, 3H), 3.99 (s, 3H), 3.74 (s, 3H), 3.41 (s, 3H), 
2.45 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 166.7, 164.5, 155.3, 152.3, 148.9, 147.3, 141.4, 138.7, 
130.7, 129.2, 127.0, 125.1, 123.5, 119.3, 116.9, 116.3, 110.9, 108.0, 95.8, 68.0, 61.5, 56.7, 55.4, 52.1, 




 Calcd for C25H25
35
ClO9 506.1187, found 506.1180.; mp 108 C 
(dec). 
Synthesis of 41: to a solution of 2-chloro-1,3-dimethylimidazolinium chloride (152.0 mg, 0.899 
mmol) in acetonitrile (1 mL), sodium azide (228.6 mg, 3.52 mmol), 15-crown-5 (12.2 mg, 0.0554 
mmol) was added at -30 C and the mixture was stirred for 1 hour. Ester 24 (101.0 mg, 0.200 mmol) 
and triethylamine (36.3 mg, 0.0358 mmol) in THF (2 mL) was added to the mixture, which was 
stirred for 6 hours. The reaction was quenched with buffer (pH = 7), and organic materials were 
extracted four times with ethyl acetate. The combined extracts were washed with water and brine, 
and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds. Rh2(oct)4 (3.5 mg, 1.5 mol%) was added to a solution of the crude material in benzene 
(20 mL) at room temperature. The mixture was stirred for 2.5 h at 90 C as bath temperature. After 
cooling the mixture, the solvent was concentrated in vacuo. The residue was diluted with 
THF/MeOH (20:1) (6.3 mL). To the mixture, NaBH4 (30.6 mg, 0.0809 mmol) was added at -45 C. 
After stirring the mixture for 4 hours, the reaction was stopped by adding two drops of AcOH at that 
temperature. After warming the mixture to room temperature, water was added and the mixture was 
extracted three times with ethyl acetate. The combined extracts were washed with water and brine, 
and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
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compounds. The crude materials were purified by flash column chromatography (silica gel: 



















H NMR (500 MHz, CDCl3) δ 11.76 (s, 1H), 9.45 (s, 1H), 7.80 (s, 1H), 7.03 (s, 1H), 6.73 (s, 1H), 
4.53 (d, 1H, J = 6.6 Hz), 4.46 (d, 2H, J = 5.7 Hz), 4.42 (d, 1H, J = 6.6 Hz), 4.33 (d, 1H, J = 12.3 Hz), 
4.27 (d, 1H, J = 12.3 Hz), 3.99 (s, 3H), 3.98 (s, 3H), 3.97 (s, 3H), 3.13 (s, 3H), 2.74 (t, 1H, J = 6.0 
Hz), 2.63 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 172.3, 159.9, 152.5, 151.2, 146.5, 143.6, 141.3, 
141.2, 131.0, 123.1, 122.7, 121.2, 117.1, 113.9, 113.0, 111.9, 105.8, 96.1, 67.3, 64.0, 61.2, 56.5, 55.2, 
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プリング反応によるアリール基(sp2炭素置換基)の導入に成功している(Scheme 22)。2 一方, ジア
ゾナフトキノンを用いたアルカン, アルケン, アルキンといった炭素置換基の導入については, 
未だ開発に至っていない。ナフトールの 2 位への sp 炭素置換基の導入には, 薗頭カップリング
などが利用されるが原料となる 2-ハロナフトールの合成が難しいことや水酸基の保護など問題






























ルイス酸を用いてジアゾナフトキノン 42 とジメトキシベンゼン 43 の直接カップリング反応
を試みた(Table 5)。ルイス酸として BF3OEt2を用いた作用させたところ, 反応は進行せず原料は
回収された(Table 5, run 1)。四塩化チタンを用い, 反応を行ったところ望みのカップリング体 44
は得られなかったがジアゾの末端にベンゼン環が求核付加した化合物 45 が収率 10%で得られ





































 ジアゾナフトキノン 42に対してジクロロメタン中, 酢酸パラジウムと有機アルミニウム試薬
としてトリメチルアルミニウムを反応させたところメチル基が付加した 2-メチル-1-ナフトー


















チル体 47 を 48%の収率で得た(Table 6, run 1)。次に, 触媒に Cu(acac)2, オクタン酸ロジウム, 
run Lewis acid (equiv.) Conditions Yield/% 
1 BF3OEt2 (3.0) 45 C, 8.5 h n. r. 
2
 










Ru(PPh3)3Cl2を使用したところ, ジアゾ基の末端にメチルが求核付加したジアゾメチル体 47 が
主生成物として得られた(Table 6, run 2-4)。触媒に酢酸パラジウム, トリフルオロ酢酸パラジウ
ムを用いて 40 C で反応を行ったところいずれも 8%で 46 を得た(Table 6, run 5, 6)。触媒を加え
ない場合, 反応は進行しなかった(Table 6, run 7)。 
 



































 まず, ジアゾナフトキノン 48 を DMF に溶かし, テトラキストリフェニルホスフィンパラジ
ウムを 10 mol%, 塩化リチウムを 3 当量, 100 C, 1.5 時間反応を行ったところアルキニルナフト























Scheme 25. Pd-catalyzed coupling of diazonaphthoquinone 48 with alkynyltin. 
run catalyst (mol%) conditions 46/% 47/% 
1 Cu(OAc)2 (10) 0 C, 3 h 0 48 
2
 
Cu(acac)2 (150) 0 C  rt, 3.5 h <54 53 
3
 
Rh2(oct)4 (2) 0 C  rt, 2 h 0 36 
4 Ru(PPh3)3Cl2 (5) 0 C  rt, 2 h 0 38 
5 Pd(OAc)2 (10) 40 C, 0.5 h 8 15 
6 Pd(tfa)2 (10) 40 C, 1 h 8 0 
7 none 0 C, 1 h rt, 10 h 0 0 
56 
 
 次に, ナフトフラン 51 の収率の向上を目指し配位子の検討を行った(Table 7)。まず, 様々な
単座配位子を使用して 48 にカップリング反応を行った。まず, 48 に DMF 中トリフェニルホス
フィンを 30 mol%, 酢酸パラジウムを 10 mol%, 塩化リチウムを 2 当量, n-ブチル基を持つアル
キニルスズ 49 を 100 C, 1 時間反応を行ったところナフトフラン 51 を 18%, ジアゾナフトキノ
ンが還元または分解して生じたナフトール 3が 12%, 二量体 52が 12%得られた(Table 7, run 1)。
他の単座配位子として P(o-tol)3, P(2-furyl)3, P(C6F5)3, PCy3, P(1-naphthyl)3, P(t-Bu)3HBF4を用いて
反応を行ったがナフトフランの収率は向上しなかった(Table 7, run 2- 7)。次に二座配位子を用い
て反応を行った。まず, 配位子として dppf を用いて反応を行ったところナフトフラン 51 を 24%
で得た(Table 7, run 8)。また, 他の二座配位子を検討したところ dppp, dppb のとき dppf のときと
同様の収率でナフトフラン 51 を得た(Table 7, run 8-16)。リン配位子の代わりに NHC 配位子を
用いたところ反応はほとんど進行しなかった(Table 7, run 17)。配位子を加えない場合, ナフトフ






















































2 P(o-tol)3 (30) 12 40 13
3 P(2-furyl)3 (30) <15
4 P(C6F5)3 (30) trace 79
11
5 PCy3 (30) 2 30
6 P(1-naphthyl)3 (30) 30
71 P(t-Bu)3HBF4 (30) 24 29 46
8 dppf (15) 24 14 21
9 trace 26
10 5 33
11 27 12 17
12 20 20 9
Ph2P PPh213 (15) 6 38
14 7 31
15 Xantphos (15) 11 19
16 ()-BINAP (15) trace 32
171 IPrHCl (20) 2 31




































 ナフトフラン 51 の収率向上を目指し 48 に様々な触媒を使用してカップリング反応の検討を
行った。まず, 48 に DMF 中 dppf を 15 mol%, 酢酸パラジウムを 10 mol%, 塩化リチウムを 2 当
量, n-ブチル基を持つアルキニルスズ 49を 3当量, 100 C, 1時間反応を行ったところナフトフラ
ン 51 を 23%,ナフトール 3 が 27%, 二量体 52 が収率 17%で得られた(Table 8, run 1)。添加剤とし
て塩化リチウムの代わりにフッ化カリウムを用いたところ収率は低下した(Table 8, run 2)。配位
子を加えずに触媒に Pd(PPh3)4, Pd(dppf)Cl2, Pd-PEPPSI を 10 mol%を使用して反応を行ったがナ
フトフランの収率は向上しなかった(Table 8, run 2-5)。次に酢酸パラジウム, dppf の触媒量を増
やして反応を行った。酢酸パラジウム 30 mol%, dppf 35 mol%のときナフトフラン 51が収率 49%, 
3 が 19%, 52 が 24%で得られた(Table 8, run 6)。酢酸パラジウムを 50, 100 mol%に増やすと収率
が低下した(Table 8, run 7, 8)。塩化リチウムを加えない場合, 反応はほとんど進行しなかった
(Table 8, run 9)。 
 







































3.0 equiv. of 49. 
2 
KF (2.0 equiv.) used instead of LiCl. 
3
 Without LiCl. 
  
次に, さらなる収率の向上を目指し, 条件の検討を行った (Table 9)。まず, アルキニルスズの
置換基の立体障害を大きくするため TBS を持つアルキニルスズで反応を行ったところ, 分子内
で環化したナフトフラン51aは生成せずアルキニルナフトール50aが収率46%で得られた(Table 
9, run 2)。次に, フェニル基を持つアルキニルスズで反応を行ったところナフトフラン 51b を収
率 40%で得た(Table 9, run 3)。次に収率の向上を図り, 添加剤としてヨウ化銅を 2 当量加えて反
応を行ったところナフトフランのみが 68%の収率で得られた(Table 9, run 4)。銅の添加により収
率が向上したため, 本カップリング反応には銅アセチリドが関与しているのではないかと考え, 
アルキニルスズの代わりに末端アルキンを用いて反応を行った。48 に 1-ヘキシンを 3 当量, ヨ
run Pd cat.(mol%) dppf (mol%) 51/% 3/% 52/% 
1
1 
Pd(OAc)2 (10) 15 23 27 17 
2
2 
Pd(OAc)2 (10) 15 10 0 0 
3
 
Pd(PPh3)4 (10) 0 24 10 10 
4 Pd(dppf)Cl2 (10) 0 19 8 22 
5 Pd-PEPPSI (10) 0 5 0 23 
6 Pd(OAc)2 (30) 35 49 19 24 
7 Pd(OAc)2 (50) 55 16 6 21 
8 Pd(OAc)2 (100) 105 8 0 41 
9
3
 Pd(OAc)2 (10) 15 4 7 7 
59 
 
ウ化銅 2当量, 塩基として炭酸カリウムを 2当量, DMF中加熱したところ反応は進行し, ナフト












































The reaction was performed at 80 °C as the bath temperature.
 b
1-Hexyne (3.0 equiv.) at 40 C 







まず, 様々な Cu(I)および Cu(II)の塩を用いて反応を行った(Table 10, run 1-7)。48 に 1-ヘキシ
ンを 2 当量, ヨウ化銅 30 mol%, 酢酸パラジウムを 10 mol%, 配位子として dppf を 15 mol%, 炭
酸カリウムを 2当量, DMF中 1時間加熱したところ反応は進行し, ナフトフラン 51c を収率 69%
で得た(Table 10, run 1)。ヨウ化銅と同じ 1 価の銅として塩化銅, 臭化銅, シアン化銅, 銅アセト






 additive (equiv.) Product (Yield/%) 
1
a
 n-Bu n-Bu3Sn - 51c (24), 52 (21) 
2
a 
TBS n-Bu3Sn - 50a (46), 51a (0) 
3
a 
Ph n-Bu3Sn - 51b (40) 
4
a 
n-Bu n-Bu3Sn CuI (2) 51c (68) 
5
b 
n-Bu H CuI (2), K2CO3 (2) 51c (70) 
60 
 
した(Table 10, run 6, 7)。銅粉を用いた場合でもナフトフラン 51c は得られた(Table 10, run 8)。配
位子として PPh3, t-Bu3PHBF4を用いて反応を行ったところ収率は大きく低下した(Table 10, run 
9, 10)。0 価の Pd 触媒である Pd(PPh3)4 を使用したところ 18%でナフトフラン 51c が得られた
(Table 10, run 11)。 
次に, 塩基の検討を行った(Table 10, run 12-17)。まず, 塩基として i-Pr2NH を 2 当量用いて反
応を行ったところ収率 77%で 51c を得た(Table 10, run 12)。第 3 級アミンである Et3N やより立
体障害の小さい Et2NH を反応に用いたところ i-Pr2NH のときと比べて収率は低下した(Tanle 10, 
run 13, 14)。アミンの当量を少なくしたところ i-Pr2NH1.2 当量のとき 83%まで収率が向上した
(Table 10, run 15-17)。 
次に反応溶媒の検討を行った(Table 10, run 18-22)。非プロトン性極性溶媒として THF を用い
て反応を行ったところ, 収率 45%で 51c を得た(Table 10, run 18)。同様の溶媒としてアセトニト
リルを用いたところ, 収率は大きく低下した(Table 10, run 19)。非極性溶媒としてトルエン, ジ
クロロエタンを使用した場合, 収率は低下した(Table 10, run 21)。DMF は熱により少しづつ分解
してジメチルアミンが生じることが知られている。そのため, DMF より分解されにくい DMA
を用いて反応を行ったところ, 収率 79%で 51c が得られた(Table 10, run 22)。DMF を最適な溶媒
とした。 
次に様々な反応条件を変更して反応を行った。反応温度を 90 C にして 1 時間反応を行った
ところ 51c を収率 49%で得た(Table 10, run 23)。次に反応に用いる触媒量を減らして反応を行っ
た。酢酸パラジウム 1.5 mol%, dppf 2.2 mol%, CuI 4.5 mol%, i-Pr2NH 1.2 当量, DMF 中 50C 3 時間
反応させたとき最も良い収率でナフトフラン 51c を得た(Table 10, run 24, 25)。本反応の推定反
応機構を考えたとき塩基は触媒として回ることが推測されるため i-Pr2NH0.1 当量で反応を行っ
た(Table 10, run 26)。期待通りカップリング反応は進行し, ナフトフラン 51c を 72%で得た。塩
基を加えない場合, 反応は進行しなかった(Table 10, run 27)。パラジウム触媒, 銅触媒, dppf を加
えないとき反応は進行しなかった(Table 10, run 28-30)。本反応は 0 価のパラジウムで進行してい
るのではないかと考え, 0価のパラジウム触媒としてPd2(dba)3を使用して反応を行った(Table 10, 
run 31)。Pd2(dba)3を 0.75 mol%, dppf 2.2 mol%で同様の条件で反応させたところカップリング反
応は進行しナフトフラン 51cを収率 89%で得た(Table 10, run 31)。一方, dppfを加えずに Pd2(dba)3
を用いて同様の条件で反応させたところ 51c が収率 2%で得られた(Table 10, run 32)。このよう
























solvent, 50 C, time
(2.0 equiv.)
48 51c  
a
30 mol% PPh3 was used instead of dppf. 
b
30 mol% t-Bu3PHBF4 was used instead of dppf.
c
Pd(PPh3)4 
was used instead of Pd(OAc)2. 
d
The reaction was performed at 90 °C as the bath temperature.
e
0.75 











1 10 15 CuI (30) K2CO3 (2.0) DMF 1 69 
2 10 15 CuCl (30) K2CO3 (2.0) DMF 1 59 
3 10 15 CuBr (30) K2CO3 (2.0) DMF 1 69 
4 10 15 CuCN (30) K2CO3 (2.0) DMF 1 37 
5 10 15 Cu(MeCN)4PF6 (30) K2CO3 (2.0) DMF 1 59 
6 10 15 Cu(OTf)2 (30) K2CO3 (2.0) DMF 2 60 
7 10 15 Cu(OAc)2 (30) K2CO3 (2.0) DMF 1 49 
8 10 15 Cu powder (30) K2CO3 (2.0) DMF 4 12 
9 10 -
a
 CuI (30) K2CO3 (2.0) DMF 3 22 
10 10 -
b
 CuI (30) K2CO3 (2.0) DMF 2 3 
11 -
c
 - CuI (30) K2CO3 (2.0) DMF 3 18 
12 10 15 CuI (30) i-Pr2NH (2.0) DMF 5 77 
13 10 15 CuI (30) Et3N (2.0) DMF 4.5 62 
14 10 15 CuI (30) Et2NH (2.0) DMF 5 60 
15 10 15 CuI (30) i-Pr2NEt (1.2) DMF 7 70 
16 10 15 CuI (30) i-Pr2NH (1.2) DMF 4.5 83 
17 10 15 CuI (30) Et3N (1.2) DMF 5.5 66 
18 10 15 CuI (30) i-Pr2NH (1.2) THF 7 45 
19 10 15 CuI (30) i-Pr2NH (1.2) MeCN 8 9 
20 10 15 CuI (30) i-Pr2NH (1.2) toluene 6 42 
21 10 15 CuI (30) i-Pr2NH (1.2) (ClCH2)2 4.5 26 
22 10 15 CuI (30) i-Pr2NH (1.2) DMA 5 79 
23
d
 10 15 CuI (30) i-Pr2NH (1.2) DMF 1 49 
24
 
3 4.5 CuI (9) i-Pr2NH (1.2) DMF 4 82 
25 1.5 2.2 CuI (4.5) i-Pr2NH (1.2) DMF 3 87 
26 1.5 2.2 CuI (4.5) i-Pr2NH (0.1) DMF 3 72 
27 1.5 2.2 CuI (4.5) - DMF 5 0 
28 - 2.2 CuI (4.5) i-Pr2NH (1.2) DMF 5 0 
29 1.5 2.2 - i-Pr2NH (1.2) DMF 4 0 
30 1.5 - CuI (4.5) i-Pr2NH (1.2) DMF 5 trace 
31 -
e
 2.2 CuI (4.5) i-Pr2NH (1.2) DMF 3 89 
32 -
e




3 位にメトキシカルボニル基を持つジアゾナフトキノン 48 と様々な置換基を有する末端アル
キンを用いてカップリング反応を行った(Table 11)。嵩高い t-ブチル基を含むアルキル基を持つ
末端アルキンでは良好な収率でナフトフランが得られた(Table 11, run 1, 2)。水酸基を保護しな
いプロパルギルアルコールでは反応は進行しなかった(Table 11, run 3)。アリール基を持つ末端
アルキンの場合, フェニルアセチレンのとき良い収率でナフトフラン 51b が得られた(Table 11, 
run 4)。芳香環に電子供与性基であるメトキシ基を持つ場合や電子求引性基のトリフルオロメチ
ル基を持つ場合でも反応は良好に進行した(Table 11, run 5, 6)。一方, 芳香環に強い電子求引性基
であるニトロ基を有する基質や末端アルキンに直接メトキシカルボニル基が付加した基質のと
き反応は進行しなかった(Table 11, run 7, 8)。 
 


















Run R Time (h) 51 Yield (%) 
1 t-Bu 8.5 51d 62 
2 CH2OTBS 4 51e 89 
3 CH2OH 2 51f 0 
4 Ph 4 51b 83 
5 p-MeOC6H4 6.5 51g 78 
6 p-CF3C6H4 7.5 51h 74 
7 p-NO2C6H4 9 51i 0 
8 CO2Me 6 51j 0 
9 TBS 4 51a 84 
a
Reaction conditions: 1a (0.5 mmol), alkyne (2.0 equiv.), Pd(OAc)2 (1.5 mol%), CuI (4.5 




26)。ジエチニルベンゼン 51 を 0.5 当量用いてカップリングさせたところ, ジアゾナフトキノン
























Scheme 26. Reaction of 48 with diyne 53. 
 
ジアゾナフトキノンの 3 位のメトキシカルボニル基を様々な置換基に変えて 1-ヘキシンとカ
ップリング反応を行った(Table 12)。まず, 3 位にエステルを持つ場合反応は良好に進行した
(Table 12, run 1-3)。しかし, 無置換のものやアルキル基の場合, 低収率でナフトフラン 51n-p が
得られた (Table 12, run 4-6)。 
 



















Run R 55 Time (h) 51 Yield (%) 
1 CO2Et 55a 9 51k 78 
2 CO2n-Pr 55b 5.5 51l 88 
3  CO2Ph 55c 4.5 51m 62 
4 H 55d 10 51n 9 
5 Me 55e 10 51o 8 
6 CH2OMe 55f 10 51p 14 
a
Reaction conditions: 55a-f (0.5 mmol), 1-hexyne (2.0 equiv.), Pd(OAc)2 (1.5 mol%), CuI (4.5 mol%), 





試みた。まず, 無置換のジアゾベンゾキノン 56 を用いて反応を行った(Scheme 27)。o-アミノフ
ェノール 56 に対して酸性条件下亜硝酸ナトリウムを作用させ, ジアゾ化を行った後, 塩基で処
理することでジアゾベンゾキノン 57 を収率 50%で得た。57 と 1-ヘキシンでカップリング反応






cond. HCl (2.0 equiv.)
NaNO2 (2.0 equiv.)
H2O



























Scheme 27. Synthesis of diazoquione 57 and coupling reaction. 
 
次に, 3 位にメトキシカルボニル基を持つジアゾベンゾキノンを用いてカップリング反応の
検討を行った。まず, ジアゾベンゾキノン 64 の合成を行った(Scheme 28)。まず, 市販の安息香
酸 60 に対して水酸化カリウム水溶液を加えて 14 時間加熱還流してクロロ基の芳香族求核置換
反応を行いクロロ基を水酸基に置き換えたフェノール 61 を合成した。メタノール中触媒量の酸
を添加してエステル化を行い, メチルエステル 62 を 2 段階収率 49%で得た。ニトロ基をアミノ





































0 C, 1 h
K2CO3 (3.0 equiv.)







Scheme 28. Synthesis of diazobenzoquinone 64. 
 
 合成したジアゾベンゾキノン 64 を用いてカップリング反応を行った(Scheme 29)。まず, 64 と
1-ヘキシンをカップリング反応させたところベンゾフラン 65a を収率 26%で得た。また, 分子
内で環化しなかったアルキニルフェノール 66a が収率 5%で得られた。次に, 1-ヘキシンに変え
て TBS アセチレンを用いてジアゾキノン 64 とカップリング反応を行った。このとき, ベンゾフ
























65a 26% 66a 5%
65b 43% 66b 5%  
Scheme 29. Reaction of diazobenzoquinone 64 with terminal alkynes. 
 
 次に, 非芳香族化合物の α-ジアゾカルボニル化合物 67 を用いてカップリング反応を行った























 本反応を利用して生理活性天然物であるフロモルギン (75)の合成を試みた。まず, ジアゾナ
フトキノン 72 の合成を行った (Scheme 31)。市販の 1,4-ジヒドロキシ-2-ナフタレンカルボン酸
68 に DMF 中炭酸水素ナトリウム, ヨウ化メチルを加えて室温 17 時間反応させ, メチルエステ
ル 69 を収率 81%で得た。酸性条件下ジヒドロピランを作用させて分子内で水素結合をしていな
いヒドロキシ基のみを選択的に THP 保護を行い, 化合物 70 を収率 79%で得た。70 にベンゾイ
ルクロライド, DMAP を作用させ, もう一方のヒドロキシ基をベンゾイル基の保護を行ったの
ち酸性条件下加熱することで THP 基を除去し, ナフトール 72 を得た。72 に ADMC を用いたジ































































Scheme 31. Synthesis of 73. 
 
 ジアゾナフトキノン 73 を用いてフロモルギン(75)の合成を行った(Scheme 32)。73 に DMF 中, 
TBS アセチレンとカップリング反応を行い, 望みのナフトフラン 74 を収率 48%で得た。続いて, 


















1) NaOMe (3.0 equiv.)
    MeOH
    rt, overnight
2) TBAF (3.0 equiv.)
    THF





















構を示す(Scheme 33)。本反応は 0 価のパラジウムが関与していると考えられる。初めに, ジア
ゾナフトキノン 48 のジアゾ基に対して Pd(0)が酸化的付加をして窒素の脱離を伴いながらアリ
ールパラジウム種 I またはパラジウムカルベン I’が形成される。アルキニルスズとリガンド交
換が生じてアルキニルパラジウム種 II が生じたのち, パラジウムの還元的脱離により Pd(0)が
再生して中間体 III が生じる。中間体 III は, そのままプロトン化されるとアルキニルナフトー
ル 50 が得られ, さらに分子内で環化するとナフトフラン 51 が得られる。一方, 中間体 III から
直接分子内環化が生じるとフラン部位にスズを持つ中間体 IV が形成される。IV のスズと中間






































































ついて説明する。Pd(0)および Pd(II)のいずれかで進行する 2 つの反応機構が考えられる(Scheme 
34, 35)。 
(i) Pd(0)の場合 
 初めに, Pd(II)が還元されて Pd(0)が生じる。Pd(0)がジアゾナフトキノン 48 に酸化的付加をし
てパラジウムカルベン種 I が形成される。続いて, 銅アセチリド II とリガンド交換をしてアル
キニルパラジウム種 III が生じ, アミンと銅(I)が再生する。III のパラジウムの還元的脱離によ
り Pd(0)が再生してアルキニルナフトール 50 が生じる。最後に, 系内に存在する塩基により分


































X = OAc, I
 
Scheme 34. Possible reaction mechanism. 
 
(ii) Pd(II)の場合 
 初めに, Pd(II)とジアゾナフトキノン48からパラジウムカルベン Iが形成される。そして, 銅
アセチリド II とリガンド交換をしてアルキニルパラジウムカルベン中間体 III が生じる。転移








































X = OAc, I
 
Scheme 35. Possibe reaction mechanism. 
 




























General Methods. All reactions were carried out under a nitrogen or argon atmosphere. NMR spectra 
were recorded on Bruker Avance 500, or Bruker Avance 400 in CDCl3 [TMS (for 
1
H, δ = 0) or CDCl3 
(for 
13
C, δ = 77.0) was used as an internal standard] or DMSO-d6 [TMS (for 
1
H, δ = 0) or DMSO (for 
13
C, δ = 40.0) was used as an internal standard]. IR spectra were recorded on a JEOL JIR-WINSPEC50. 
High-resolution mass spectra were obtained with a JEOL JMS-SX102A mass spectrometer. Column 
chromatography was performed on silica gel (Fuji Silysia Silica gel PSQ-100B or Kanto Chemical Silica 
Gel 60N). Preparative TLC (PTLC) was performed on silica gel (Wakogel B-5F) 
 
Materials. Anhydrous tetrahydrofuran (THF) was purchased from Wako Co. Ltd. DPPF was purchased 
from TCI. Pd(OAc)2 and alkyne was purchased from Wako Co. Ltd. and was used as received. DMF was 
distilled from P2O5 and stored over 4A molecular sieves. Sodium Azide was purchased from Wako Co. 






Typical procedure and spectroscopic data of starting materials and products  
 
Typical Procedure for the preparation of diazonaphthoquinones:To a solution of 
2-chloro-1,3-dimethylimidazolinium chloride (1.247 g, 7.38 mmol), 15-crown-5 0.333 g, 1.51 mmol), in 
acetonitrile (3 mL), sodium azide (0.621 g, 9.55 mmol) was added at −20 °C, and the mixture was stirred 
for 1 h. 3-methoxycarbonyl-1-naphthol (1.018 g, 5.03 mmol) and triethylamine (1.4 mL, 10.0 mmol) in 
THF (47 mL) were added to the mixture, which was stirred for 50 min. The reaction was quenched with 
water, and organic materials were extracted three times with ethyl acetate. The combined extracts were 
washed with water and brine, and then dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo to afford crude compounds. The crude materials were purified by recrystallization (chloroform) to 





H NMR (500 MHz, CDCl3): δ 8.38 (d, 1H, J = 7.9 Hz), 7.70 (ddd, 1H, J = 8.0, 8.0, 1.2 Hz), 7.64-7.59 
(m, 2H), 7.49 (s, 1H), 3.97 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 179.3, 163.8, 134.6, 132.8, 130.8, 








H NMR (400 MHz, 
DMSO) δ 8.18 (dd, 1H, J = 7.9, 0.6 Hz), 7.92 (d, 1H, J = 7.7 Hz), 7.80 (ddd, 1H, J = 8.5, 7.9, 1.3 Hz), 
7.67 (ddd, 1H, J = 8.2, 8.2, 1.2 Hz), 7.56 (s, 1H), 4.37 (q, 2H, J = 7.1 Hz) , 1.35 (t, 3H, J = 7.1 Hz); 
13
C 
NMR (125 MHz, DMSO) δ 178.7, 163.3, 134.9, 133.6, 130.8, 130.3, 130.2, 125.1, 122.6, 119.8, 76.4, 












NMR (500 MHz, CDCl3) δ 8.38 (dd, 1H, J = 7.9, 0.6 Hz), 7.70 (ddd, 1H, J = 8.2, 7.0, 1.4 Hz), 7.65 (d, 
1H, J = 6.7 Hz), 7.60 (ddd, 1H, J = 8.3, 7.1, 1.4 Hz), 7.49 (s, 1H), 4.33 (t, 2H, J = 6.7 Hz), 1.87-1.79 (m, 
2H), 1.05 (t, 3H, J = 7.5 Hz) ; 
13
C NMR (125 MHz, CDCl3) δ 179.4, 163.4, 134.7, 132.8, 130.8, 129.8, 











H NMR (500 MHz, 
CDCl3) δ 8.42 (ddd, 1H, J = 8.0, 0.6, 0.6 Hz), 7.76-7.70 (m, 3H), 7.65 (ddd, 1H, J = 8.3, 6.8, 1.6 Hz), 
7.49-7.45 (m, 2H), 7.35-7.31 (m, 1H), 7.25-7.23 (m, 2H); 
13
C NMR (125 MHz, acetone-d6) δ 178.3, 






H NMR (500 MHz, CDCl3) δ 8.33 (ddd, 1H, J = 8.0, 0.6, 0.6 Hz), 7.63 (ddd, 1H, J = 8.2, 7.0, 1.4 Hz), 
7.50-7.45 (m, 2H), 6.90 (d, 1H, J = 9.3 Hz), 6.58 (d, 1H, J = 9.3 Hz); 
13
C NMR (125 MHz, DMSO) δ 









H NMR (500 
MHz, CDCl3) δ 8.26 (dd, 1H, J = 7.3, 1.2 Hz) 7.58 (ddd, 1H, J = 8.0, 7.1, 1.4 Hz), 7.39 (ddd, 2H, J = 8.0, 
6.7, 1.1 Hz), 6.38 (s, 1H), 2.31 (s, 3H); 
13
C NMR (125 MHz, DMSO) δ 179.7, 137.7, 133.3, 128.0, 127.5, 








H NMR (500 MHz, CDCl3) δ 8.30 (dd, 
1H, J = 8.0, 0.6 Hz), 7.61 (ddd, 1H, J = 7.9, 7.1, 1.4 Hz), 7.47-7.44 (m, 2H), 6.51 (s, 1H), 4.47 (s, 2H), 
3.41 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 180.4, 136.3, 132.7, 129.0, 128.0, 127.2, 126.8, 125.4, 




 calcd for C12H16N2O2 214.0742, found: 214.0739. mp 
 
Pd-catalyzed coupling of diazonaphthoquinone 1a and alkynyl stannane: to a solution of Pd(OAc)2 
(10.5 mg, 10 mol%), LiCl (42.5 mg, 2.0 equiv.), dppf (41.3 mg, 15 mol%), alkyne (0.11 ml, 1.9 equiv.) 
in DMF (10 mL), diazonaphthoquione 1a (115.0 mg, 0.504 mmol) was added at room temperature. The 
73 
 
mixture was stirred for 1 h at 80 °C. After cooling the mixture, the reaction mixture was extracted with 
EtOAc (x3). The organic layers were washed with water and brine, dried over Na2SO4. And then 
consentrated in vacuo. The residue was purified by flash column chromatography (silica gel, 
hexane/toluene = 1:9) to give 2a (85.2 mg, 50% yield). 
 
 
  (50a) 





H NMR (500 MHz, CDCl3) δ 8.24 (dd, 1H, J = 8.1, 0.8 Hz), 8.11 (s, 1H), 7.85 (dd, 1H, J = 
8.6, 1.3 Hz), 7.62-7.55 (m, 2H), 7.04 (s, 1H), 3.97 (s, 3H), 1.06 (s, 9H), 0.28 (s, 6H); 
13
C NMR (125 
MHz, CDCl3) δ 166.4, 156.0, 132.5, 128.9, 128.2, 128.0, 127.2, 124.5, 124.0, 122.5, 104.9, 101.2, 99.2, 




 calcd for C20H24O3Si 340.1495, found: 340.1498. 
 
Typical procedure for the Pd-catalyzed Cyclization of Terminal Alkynes with 
Diazonapthoquinones: to a solution of Pd(OAc)2 (1.8 mg, 1.6 mol%), CuI (4.2 mg, 4.4 mol%), dppf 
(6.0 mg, 2.2 mol%), i-Pr2NH (61.0 mg, 1.2 equiv.), 1-hexyne (0.11 ml, 1.9 equiv.) in DMF (5 mL), 
diazonaphthoquione 1a (113.2 mg, 0.496 mmol) was added at room temperature. The mixture was 
stirred for 4.5 h at 50 °C. After cooling the mixture, the reaction mixture was added saturated aqueous 
NH4Cl, and the mixture was extracted with EtOAc (x3). The organic layers were washed with water and 
brine, dried over Na2SO4. And then consentrated in vacuo. The residue was purified by flash column 
chromatography (silica gel, hexane/toluene = 3:2) to give 3c (122.6 mg, 87% yield). 
 
 
Methyl 2-tert-Butyldimethyl-4-naphtho[1, 2-b]furancarboxylate (51a)  




H NMR (500 MHz, 
CDCl3) δ 8.44 (s, 1H), 8.36 (d, 1H, J = 8.1 Hz), 7.99 (d, 1H, J = 8.2 Hz), 7.69 (s, 1H), 7.66 (ddd, 1H, J = 
8.2, 7.0, 1.1 Hz), 7.50 (ddd, 1H, J = 8.2, 6.9, 1.2 Hz), 4.03 (s, 3H), 1.03 (s, 9H), 0.39 (s, 6H); 
13
C NMR 
(125 MHz, CDCl3) δ 167.1, 162.4, 154.5, 130.1, 129.6, 128.4, 127.3, 125.7, 123.3, 122.2, 121.2, 120.4, 




 calcd for C20H24O3Si 340.1495, found: 340.1488. 
 
Methyl 2-phenyl-4-naphtho[1, 2-b]furancarboxylate (51b)  
74 
 




H NMR (500 MHz, 
CDCl3) δ 8.35 (s, 1H), 8.26 (dd, 1H, J = 8.2, 0.5 Hz), 7.91 (dd, 3H, J = 8.5, 1.2 Hz), 7.62 (s, 1H), 7.60 
(ddd, 1H, J = 8.2, 7.0, 1.0 Hz), 7.44 (t, 3H, J = 7.4 Hz), 7.35-7.32 (m, 1H), 3.99 (s, 3H); 
13
C NMR (125 
MHz, CDCl3) δ 166.8, 155.8, 150.4, 130.3, 129.9, 129.7, 128.7, 128.5, 128.3, 127.7, 125.5, 124.7, 123.6, 




 calcd for C20H14O3 302.0943, found: 302.0934; 
mp 110-111 °C (dec). 
 
Methyl 2-butyl-4-naphtho[1, 2-b]furancarboxylate (51c)  





(500 MHz, CDCl3) δ 8.44 (s, 1H), 8.28 (d, 1H, J = 8.0 Hz), 7.99 (d, 1H, J = 8.2 Hz), 7.65 (ddd, 1H J = 
8.2, 7.0, 1.0 Hz), 7.48 (ddd, 1H, J = 8.1, 7.0, 1.0 Hz), 7.09 (s, 1H), 4.03 (s, 3H), 2.91 (t, 2H, J = 7.5 Hz), 
1.85-1.79 (m, 2H), 1.52-1.44 (m, 2H), 0.99 (t, 3H, J = 7.4 Hz); 
13
C NMR (125 MHz, CDCl3) δ 167.3, 





 calcd for C18H18O3 282.1256, found: 282.1261; mp 70-71 °C (dec). 
 
 
Methyl 2-tert-butyl-4-naphtho[1, 2-b]furancarboxylate (51d) 




H NMR (500 MHz, 
CDCl3) δ 8.44 (s, 1H), 8.28 (d, 1H, J = 8.0 Hz), 7.99 (d, 1H, J = 8.2 Hz), 7.65 (ddd, 1H J = 8.2, 7.0, 1.0 
Hz), 7.48 (ddd, 1H, J = 8.1, 7.0, 1.0 Hz), 7.09 (s, 1H), 4.03 (s, 3H), 2.91 (t, 2H, J = 7.5 Hz), 1.85-1.79 
(m, 2H), 1.52-1.44 (m, 2H), 0.99 (t, 3H, J = 7.4 Hz); 
13
C NMR (125 MHz, CDCl3) δ 167.6, 167.3, 150.1, 





 calcd for C18H18O3 282.1256, found: 282.1258; mp 88-89 °C (dec). 
 
 
Methyl 2-tert-butyldimethylsiloxymethyl-4-naphtho[1, 2-b]furancarboxylate (51e) 





H NMR (500 MHz, CDCl3) δ 8.47 (s, 1H), 8.30 (d, 1H, J = 8.1 Hz), 8.01 (d, 1H, J = 8.2 Hz), 7.68 
(ddd, 1H J = 8.2, 7.0, 1.0 Hz), 7.52 (ddd, 1H, J = 8.1, 7.0, 1.1 Hz), 7.32 (s, 1H), 4.93 (d, 2H, J = 0.3 Hz), 
4.03 (s, 3H), 0.96 (s, 9H), 0.17 (s, 6H); 
13
C NMR (125 MHz, CDCl3) δ 167.0, 157.1, 150.8, 130.0, 129.7, 
75 
 





calcd for C21H26O4Si 370.1600, found: 370.1586. 
 
 
Methyl 2-(4-methoxyphenyl)-4-naphtho[1, 2-b]furancarboxylate (51g) 





H NMR (500 MHz, CDCl3) δ 8.47 (s, 1H), 8.37 (d, 1H, J = 8.2 Hz), 8.00 (d, 1H, J = 8.2 Hz), 7.92 (dt, 
2H, J = 8.8, 2.0 Hz), 7.68 (ddd, 1H J = 8.1, 8.1, 1.0 Hz), 7.68 (s, 1H), 7.51 (ddd, 1H, J = 8.1, 8.1, 1.0 
Hz), 7.02 (dt, 2H, J = 8.8, 1.9 Hz), 4.05 (s, 3H), 3.88 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 167.1, 
160.0, 156.3, 150.3, 129.9, 129.8, 128.6, 127.7, 126.4, 125.4, 124.1, 123.3, 123.1, 120.9, 120.0, 114.3, 




 calcd for C21H16O4 332.1049, found: 332.1055; mp 
130-133 °C (dec). 
 
 
Methyl 2-(4-trifluoromethylphenyl)-4-naphtho[1, 2-b]furancarboxylate (51h) 





(500 MHz, CDCl3) δ 8.50 (s, 1H), 8.41 (d, 1H, J = 8.2 Hz), 8.07 (d, 2H, J = 8.0 Hz), 8.03 (d, 1H, J = 8.2 
Hz), 7.86 (s, 1H), 7.74-7.71 (m, 3H), 7.58-7.55 (m, 1H), 4.07 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 
166.8, 154.3, 151.1, 133.6, 130.5, 130.2, 129.9, 128.9, 128.3, 126.2, 125.9 (q, J = 3.9 Hz), 124.8, 124.0 




 calcd for C21H13F3O3 







Ethyl 2-butyl-4-naphtho[1, 2-b]furancarboxylate (51k)  





NMR (500 MHz, CDCl3) δ 8.44 (s, 1H), 8.28 (d, 1H, J = 8.2 Hz), 8.00 (d, 1H, J = 8.2 Hz), 7.65 (ddd, 
1H, J = 8.0, 8.0, 0.8 Hz), 7.48 (ddd, 1H J = 8.0, 8.0, 0.8 Hz),, 7.09 (s, 1H), 4.49 (q, 2H, J = 7.1 Hz), 2.91 
(t, 2H, J = 7.5 Hz), 1.85-1.79 (m, 2H), 1.52-1.44 (m, 5H), 0.99 (t, 3H, J = 7.3 Hz); 
13
C NMR (125 MHz, 
CDCl3) δ 166.8, 159.9, 150.2, 129.7, 129.6, 128.4, 127.0, 125.1, 123.5, 123.0, 121.3, 119.8, 104.0, 60.9, 




 calcd for C19H20O3 296.1412, found: 296.1412; mp 
61-62 °C (dec). 
 
 
Propyl 2-butyl-4-naphtho[1, 2-b]furancarboxylate (51l) 




H NMR (500 
MHz, CDCl3) δ 8.44 (s, 1H), 8.27 (dd, 1H, J = 8.2, 0.8 Hz), 8.00 (d, 1H, J = 8.2 Hz), 7.64 (ddd, 1H J = 
8.2, 6.9, 1.1 Hz), 7.48 (ddd, 1H, J = 8.2, 6.9, 1.1 Hz),  7.09 (s, 1H), 4.40 (t, 2H, J = 6.7 Hz), 2.91 (t, 2H, 
J = 7.3 Hz), 1.92-1.79 (m, 4H), 1.52-1.44 (m, 2H), 1.10 (t, 3H,  J = 7.4 Hz), 0.99 (t, 3H, J = 7.4 Hz); 
13
C NMR (125 MHz, CDCl3) δ 166.8, 159.9, 150.2, 129.7, 129.5, 128.3, 127.0, 125.0, 123.4, 123.0, 




 calcd for C20H22O3 
310.1569, found: 310.1567; mp 43.5-45 °C (dec). 
 
 
Phenyl 2-butyl-4-naphtho[1, 2-b]furancarboxylate (51m) 




H NMR (500 MHz, 
CDCl3) δ 8.64 (s, 1H), 8.32 (dd, 1H, J = 8.3, 0.8 Hz), 8.05 (d, 1H, J = 8.3 Hz), 7.69 (ddd, 1H J = 8.2, 6.9, 
1.1 Hz), 7.52 (ddd, 1H, J = 8.1, 6.9, 1.1 Hz), 7.49-7.46 (m, 2H), 7.33-7.30 (m, 3H), 7.15 (t, 1H, J = 0.8 
Hz), 2.92 (t, 2H, J = 7.3 Hz), 1.85-1.79 (m, 2H), 1.51-1.45 (m, 2H), 0.98 (t, 3H, J = 7.4 Hz); 
13
C NMR 
(125 MHz, CDCl3) δ 165.2, 160.3, 150.9, 150.3, 129.8, 129.5, 128.8, 128.0, 125.9, 125.3, 123.7, 123.4, 








2-Butylnaphtho[1, 2-b]furan (51n) 
77 
 




H NMR (500 MHz, 
CDCl3) δ 8.26 (d, 1H, J = 8.2 Hz), 7.90 (d, 1H, J = 8.2 Hz), 7.62-7.53 (m, 3H), 7.44 (ddd, 1H J = 8.1, 
6.9, 1.2 Hz), 6.51 (s, 1H), 2.88 (t, 2H, J = 7.3 Hz), 1.83-177 (m, 2H), 1.52-1.43 (m, 2H), 0.98 (t, 3H, J = 
7.4 Hz); 
13
C NMR (125 MHz, CDCl3) δ 159.0, 149.7, 130.8, 128.3, 126.0, 124.37, 124.35, 122.8, 121.2, 








2-Butyl-4-methylnaphtho[1, 2-b]furan (51o) 




H NMR (500 MHz, CDCl3) δ 
8.20 (dd, 1H, J = 8.2, 0.5 Hz), 7.81 (d, 1H, J = 8.2 Hz), 7.47 (ddd, 1H, J = 8.1, 6.9, 1.1 Hz), 7.39 (ddd, 
1H J = 8.2, 6.9, 1.2 Hz), 7.37 (s, 1H), 6.51 (s, 1H), 2.87 (t, 2 H, J = 7.3 Hz), 2.58 (s, 3H), 1.82-1.76 (m, 
2H)m 1.50-1.43 (m, 2H), 0.98 (t, 3H, J = 7.4 Hz); 
13
C NMR (125 MHz, CDCl3) δ 158.7, 149.3, 131.1, 





 calcd for C17H18O 238.1358, found: 238.1358. 
 
 
2-Butyl-4-methoxymethylnaphtho[1, 2-b]furan (51p) 




H NMR (500 MHz, CDCl3) 
δ 8.24 (d, 1H, J = 8.2 Hz), 7.88 (d, 1H, J = 8.2 Hz), 7.55 (s, 1H), 7.54 (ddd, 1H, J = 8.1, 6.9, 1.1 Hz), 
7.43 (ddd, 1H J = 8.1, 6.9, 1.2 Hz), 6.62 (s, 1H), 4.78 (d, 2H, J = 0.6 Hz), 3.44 (s, 3H), 2.88 (t, 2 H, J = 
7.3 Hz), 1.83-1.77 (m, 2H), 1.51-1.44 (m, 2H), 0.98 (t, 3H, J = 7.3 Hz); 
13
C NMR (125 MHz, CDCl3) δ 
159.1, 149.9, 130.6, 129.1, 128.3, 126.0, 124.6, 123.6, 121.5, 120.9, 119.7, 101.5, 73.3, 58.0, 30.0, 28.3, 










H NMR (500 MHz, CDCl3) δ 7.53-7.50 (m, 2H), 7.33-7.29 (m, 2H), 3.33 (s, 2H); 
13
C NMR (125 MHz, 










NMR (500 MHz, CDCl3) δ 8.47 (s, 1H), 8.01-7.96 (m, 3H), 7.60-7.58 (m, 1H), 7.47-7.44 (m, 2H), 7.31 
(s, 1H), 3.65 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 166.9, 155.2, 150.6, 130.2, 129.9, 129.7, 129.2, 




 calcd for 









H NMR (500 MHz, 
CDCl3) δ 12.2 (s, 1H), 8.47 (dd, 1H, J = 8.4, 0.7 Hz), 8.20 (d, 1H, J = 8.2 Hz), 7.73 (d, 1H, J = 2.0 Hz), 
7.71 (ddd, 1H, J = 8.1, 6.9, 1.1 Hz), 7.53 (ddd, 1H, J = 8.3, 6.9, 1.2 Hz), 7.20 (d, 1H, J = 2.0 Hz), 4.08 (s, 
3H); 
13
C NMR (125 MHz, CDCl3) δ 172.0, 159.3, 144.4, 144.3, 130.1, 125.1, 124.96, 124.92, 122.9, 
119.8, 119.7, 109.3, 99.2, 52.2. 
 
 
Methyl 3-Diazo-3,4-dihydro-1-benzoyloxy-4-oxo-2-naphthalenecarboxylate (74) 





H NMR (500 MHz, CDCl3) δ 8.44 (dd, 1H, J = 7.9, 1.2 Hz), 8.28 (dd, 2H, J = 8.4, 1.1 Hz), 
7.76-7.64 (m, 4H), 7.61-7.57 (m, 2H), 3.72 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 177.7, 165.0, 162.4, 










Methyl 5-benzoyloxy-2-tert-Butyldimethyl-4-naphtho[1, 2-b]furancarboxylate (73) 




H NMR (500 MHz, CDCl3) δ 8.39 (d, 
1H, J = 8.2 Hz), 8.36 (dd, 2H, J = 8.4, 1.3 Hz), 8.05 (d, 1H, J = 8.4 Hz), 7.72-7.68 (m, 2H), 7.60-7.57 (m, 
3H), 7.52 (ddd, 1H, J = 8.3, 6.9, 1.1 Hz), 3.82 (s, 3H), 1.04 (s, 9H), 0.40 (s, 6H); 
13
C NMR (125 MHz, 
CDCl3) δ 165.5, 165.4, 152.0, 144.0, 133.7, 130.4, 129.3, 128.9, 128.7, 126.3, 125.2, 123.8, 123.4, 122.1, 




 calcd for C27H28O5Si 460.1706, found: 
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第一節 緒言  













 これまでに当研究室では, コシノスタチンアグリコンの合成研究を行っており, 以前の合成
経路を示す(Scheme 36)。市販のジメトキシベンズアルデヒド 78 から 18 段階, 全収率 1.3%で合
成中間体のラクトン 87 を合成することができた。しかし, この経路は非常に煩雑であり, 特に
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入(89→91)に成功している(Scheme 37)。2 旧方法と同じ原料 78 を用いて, ジアゾナフトキノン
90 を鍵中間体として経由し 12 段階, 全収率 2.7%で 4 環式(BCDE 環)のラクトン 87 の合成に成
功している。合成したラクトン 78 にアミジン(FG 環)と A 環の導入をすればコシノスタチンア
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Scheme 37. Synthesis of lactone 87. 
 
 これまでに, ドイツの Koert らによりコシノスタチン骨格の光学異性体であるイソキノサイ
クリンの CDEFG 環の構築が報告されている(Scheme 38)。3 CDE 環に相当するラクトン 93 への

























































































Scheme 38. Koert’s Synthesis of CDEFG rings. 
 
 






















第二節 モデル基質を用いた FG 環の構築の検討 
 
 コシノスタチンアグリコンの合成検討を行うため, Koert らにより報告されているモデルラク
トン 93 を用いてコシノスタチン骨格の構築を目指した。これまでに, 当研究室ではモデルラク
















































Scheme 39. Synthesis of 103. 
 









































Scheme 40. Synthesis of 101. 
 
 様々なルートを試みたが 103 の合成にはいずれもできなかった。第二節では Koert らにより
報告されている FG 環の構築法 3を参考に合成検討について述べる。 
 
 
2-1. モデル基質 93 の合成 
まず, Koert らにより報告された方法に従いモデルラクトン 93 の合成を行った(Scheme 41) 3。
初めに, 市販の2-メトキシフェニル酢酸 106に対してクロロホルム中, エタノール, 触媒量の硫
酸を作用させカルボン酸のエステル化を行い, 107 を収率 97%で合成した。107 のカルボニルの
α 位をアルキル化しジオキソラン 108 を収率 57%で得た。そして, 三塩化アルミニウムを用い
てアセタールの脱保護, 続く分子内 Frieadel-Crafts反応により二環式化合物 109を収率 54%で得
た。109 をエステルの加水分解によりカルボン酸 110 を得た後, ヨードラクトン化, 炭酸カリウ























































































Scheme 41. Synthesis of model lactone 93. 
 
2-2. モデルラクトン 93 を用いたノシル化の検討 
 (1) 95 の合成 
Koert らの方法に従い, 合成したモデルラクトン 93 に対してリチウムアセチリドを作用させ
ることでラクトンを開環させ, アルキニルケトン 94 を収率 61%で得た(Scheme 42)。そして, 94
に亜鉛, テトラシアノニッケル(II)酸カリウムから調整した 0 価のニッケルにより分子内環化を











































Scheme 42. Synthesis of 95. 
 
(2) Koert らによる合成 
Koert らのグループによるイソキノサイクリン骨格の構築法ではコシノスタチン骨格を構築で
きない。Koert らによるイソキノサイクリン骨格の構築法を示す(Scheme 43)。ジトシル体 96 に
アンモニア, TMSCl を作用させるとコシノスタチン骨格を持つ化合物 114 と光学異性体のイソ
キノサイクリン骨格を持つ 97 が得られた。97 に対して塩基存在化熱を加えることでトシラー
トの脱離により化合物 98 を得た。これを脱保護して 99 を得た(Scheme 43, 式 1)。一方, コシノ
スタチン骨格を持つ 114 に対して同様の 97 と同様の条件で分子内環化反応を行うと, 目的の化
合物である 103 は得られず, 103 が加水分解した化合物 115 が得られた(Scheme 43, 式 2)。3 こ







えた。まず, 化合物 95 のノシル化の検討を行った(Table 13)。一般的に用いられている o-Ns 基


















































































120 C, 14 h
2) H2O
1)
Scheme 43. Koert’s synthesis route. 
 
98 に対してジクロロメタン中, トリエチルアミン存在下 p-ノシルクロライドを作用させたと
ころ, ジノシル体 116 が収率 28%で得られた(Table 13, run 1)。116 の収率が低い原因として, 反
応系内で生じた Cl アニオンによるノシラートへの求核置換反応が生じたためと考えられる。そ
こで, 反応系内で生じる Cl アニオンを系外へ除去して 116 の収率の向上を図った。まず, 銀に
よる Cl アニオンの吸着を狙い, 炭酸銀を添加して反応を行ったところ収率はほとんど変わらな
かった(Table 13, run 2)。次に, 塩基に水素化ナトリウム, DMAP を用いて Cl アニオンを NaCl と
して除去しようと試みた。収率の向上が見られたが反応の再現性を取ることができなかった



























































CHCl3 was used instead of CH2Cl2. 
  
2-3. モデル化合物 116 を用いたコシノスタチン骨格の構築 
 得られたジノシル体 116 を用いてコシノスタチン骨格 103 の構築を試みた(Table 14)。Koert
らの条件を基に反応を行った。まず, 116 の THF 溶液に対して氷冷下アンモニアのエタノール溶
液を加えることでイミノラクトンを開環させた後, 溶媒を留去して, クロロホルム中 TMSCl を
作用させると分子内で環化反応が進行してコシノスタチン骨格の立体を有する環状アミジン
118 を収率 31%, 光学異性体のイソキノサイクリン骨格の立体を有する化合物 119 を収率 13%
で得た(Table 14, run 1)。次にアンモニアのTHF溶液を用いて反応を行ったところ118を収率37%
で得た(Table 14, run 2)。モレキュラーシーブ 4A を加えて反応を行ったところ 118 の収率が向上
した(Table 14, run3)。反応終了後そのまま溶媒留去を行い精製することで環状アミジン 118 を収
























1 9 Et3N (11) - rt 6 28 0 
2 4 Et3N (5) AgCO3 (4.5) rt 18 27 8 
3 4 NaH (4.5) DMAP (1) rt 15 59 0 
4 4 NaH (4.5) DMAP (0.3) rt 18 3 43 
5 4 KOH (12) Me3NHCl (1.1) 
Et3N (1.1) 
rt 4 22 0 
6 4 Ca(OH)2 (12) Me3NHCl (1.1) 
Et3N (1.1) 
rt 8 57 5 
7
a 
4 Ca(OH)2 (8) Me3NHCl (0.22) 
Et3N (0.22) 
0 C 5 93 0 
89 
 


















































a 水によるクエンチをせず, 反応溶液をセライトろ過後精製 
 
 次に得られたアミジン 118 の分子内環化を試みた(Scheme 44)。アミジン 118 に対して DMF
中炭酸カリウムを 5 当量加えて, 室温, 2 時間反応させたところ期待通り分子内環化反応が進行
























Scheme 44. Reaction of Amidine 118. 
 
 







1 NH3 (in EtOH) (5); TMSCl (10 equiv.) 2.5 31 13 
2 NH3 (in THF) (5); TMSCl (10 equiv.) 2.5 37 24 
3 NH3 (in THF) (12); MS4A, TMSCl (50 equiv.)  2.0 54 17 
4
a 




化合物 120 のノシル基(p-Ns)と TBS 基の脱保護を行った(Scheme 45)。まず, TBS 基, ノシル基
の順番に脱保護を行った。120 に TBAF を作用させ TBS 基を除去した後, 粗生成物にフッ酸ト
リエチルアミンを反応させることでノシル基が除去された化合物 122 を 2 段階収率 50%で得る
ことができた。次に, ノシル基, TBS 基の順に脱保護を行った。120 に対してフッ酸トリエチ
ルアミンを作用させてノシル基を除去した後 TBAF を加え反応させたところ脱保護体 122 は得
られず, 原料である 123 と 123 が異性化した化合物 125 の混合物で得られた。この異性化は
TBAF の塩基性が関係していると考え, 酢酸を添加して反応を行ったところ異性体 125 が定量


























































Scheme 45. Deprotection of 120. 
 
  
第三節 コシノスタチンアグリコン ABCDEFG 環の合成研究 
第二節のモデルラクトンを用いた検討を基にコシノスタチンアグリコンの合成を試みた。こ
れまでに, 我々はナフタレンアルデヒド 126 から ABCDE 環を有する合成中間のラクトン
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Scheme 47. Synthesis of Lactone 140. 
 
 ラクトン 140 を用いて FG 環の構築を目指した。 
 
3-1. F 環の導入 
 第 2 節で述べたようにラクトン 140 からイミノラクトンを経由した方法を用いて F 環の構築
を行った(Scheme 48)。ラクトン 140 にリチウムアセチリドを作用させアルキニルケトン 141 を
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 次に, 142 のノシル化を行った(Scheme 49)。142 をクロロホルム中, 水酸化カルシウムを 30 当
量, ノシルクロライドを 13 当量, トリメチルアミン塩酸塩を 7 当量, トリエチルアミン 7 当量
加えて0 C, 1時間反応を行ったところジノシル体143が収率77%得られた。しかし, 反応中, 143











































Scheme 49. Nosylation of 142. 
 
 合成した 143 に対してアンモニアを作用させて, コシノスタチン骨格を有する F 環を構築し






























Scheme 50. Synthesis of Iminopyrole 145. 
 
3-2. ABCDEFG 環の構築 
イミノピロール 145 を用いて G 環の導入の検討を行った。化合物 145 に対して DMF 中炭酸
カリウムを加えて, 室温１時間反応させると環化反応が進行し,アミジン 146 を得た(Scheme 51)。
146 はシリカゲルで分解するため精製することなくノシル基の除去を行った。146 にフッサント












































 Scheme 51. Synthesis of 146. 
 
化合物 147 に対して CAN 酸化を行い, B 環をキノンへの変換を試みた(Scheme 52)。期待通り
酸化され, コシノスタチン骨格を有するキノン 148 を粗収率 96%で得た。しかし, PTLC による
精製で異性化が進行してイソキノサイクリン骨格を持つ 149が生じた。異性化の原因として, モ
デルラクトンにはないキノン部位が F 環イミン部位の α 位のプロトンの酸性度を上昇させたこ
とにより異性化が進行しやすくなったためと考えられる。148 と 149 は精製による分割はでき






































Scheme 52. Oxidation of 147. 
 
 
148 に対して TBAF を作用させて脱保護を行った(Scheme 53)。しかし, 目的の化合物 150 は
得られなかった。1HNMR 上にてイソキノサイクリン骨格のプロトンピークのみ確認できたため

















































































General Methods. All reactions were carried out under a nitrogen or argon atmosphere. NMR spectra 
were recorded on Bruker Avance 500, or Bruker Avance 400 in CDCl3 [TMS (for 
1
H, δ = 0) or CDCl3 
(for 
13
C, δ = 77.0) was used as an internal standard] or DMSO-d6 [TMS (for 
1
H, δ = 0) or DMSO (for 
13
C, δ = 40.0) was used as an internal standard]. IR spectra were recorded on a JEOL JIR-WINSPEC50. 
High-resolution mass spectra were obtained with a JEOL JMS-SX102A mass spectrometer. Column 
chromatography was performed on silica gel (Fuji Silysia Silica gel PSQ-100B or Kanto Chemical Silica 
Gel 60N). Preparative TLC (PTLC) was performed on silica gel (Wakogel B-5F) 
 
Materials. Anhydrous tetrahydrofuran (THF) was purchased from Wako Co. Ltd. DPPF was purchased 
from TCI. Pd(OAc)2 and alkyne was purchased from Wako Co. Ltd. and was used as received. DMF was 
distilled from P2O5 and stored over 4A molecular sieves. Sodium Azide was purchased from Wako Co. 




Dinosylation of alcohol 95: Et3N(49.0 mg, 0.048 mmol) and Me3NHCl (49.0 mg, 0.051 mmol) was 
dissolved in CHCl3 (5 ml) at 0 C. Ca(OH)2 (133.0 mg, 1.79 mmol) and Alcohol 95 (101.4 mg, 0.224 
mmol) was added followed by p-NsCl (195.5 mg, 0.882 mmol) and the mixture was stirred for 5 h at 
0C. The reaction was quenched with buffer, and organic materials were extracted three times with 
CHCl3. The combined extracts were washed with water and brine, and then dried over anhydrous sodium 
sulfate. The solvent was removed in vacuo to afford crude compounds. The crude materials were 










H NMR (500 MHz, CDCl3) δ 8.35 (d, 2H, J = 2.8 Hz), 8.34 (d, 2H, J = 2.8 Hz), 8.13 (dt, 2H, J = 8.0, 
2.0 Hz), 7.97 (dt, 2H, J = 8.9, 2.2 Hz), 7.27 (dd, 1H, J = 8.1, 8.0 Hz), 6.93 (d, 1H, J = 7.8 Hz), 6.78 (d, 
1H, J = 8.2 Hz), 5.86 (s, 1H), 4.37 (s, 1H), 4.22-4.10 (m, 2H), 3.86 (d, 1H, J = 4.1 Hz), 3.77 (s, 3H), 
2.56 (ddd, 2H, J = 25.3, 15.9, 5.1 Hz), 2.32 (d, 1H, J = 11.8 Hz), 2.11 (d, 1H, J = 11.9, 4.1 Hz), 1.44 (s, 
3H), 0.83 (s, 9H), 0.18 (d, 6H, J = 4.1 Hz); 
13
C NMR (125 MHz, CDCl3) δ 167.3, 154.9, 150.8, 150.0, 
146.5, 140.7, 138.4, 134.4, 129.0, 128.9, 128.8, 124.6, 123.8, 123.2, 123.1, 122.7, 109.2, 88.8, 77.2, 73.7, 










Synthesis of amidine 118: Imino lactone 116 (20.4 mg, 0.0250 mmol) was dissolved in NH3 solution 
(0.6M in THF) (1.5 ml) at 0 C and the mixture, which was stirred for 30 min. The solvent was removed 
in vacuo. TMSCl (85.6 mg, 0.788 mmol) and MS4A in CHCl3 were added to the mixture. The mixture 
was stirred for 2 h at rt. The half solvent was removed in vacuo, which was purified by flash column 










H NMR (500 MHz, CDCl3) δ 8.37 (dt, 2H, J = 8.9, 2.4 Hz), 8.26 (dt, 2H, J = 8.9, 2.3 Hz), 8.04 (dt, 2H, 
J = 8.9, 2.3 Hz), 7.91 (dt, 2H, J = 8.9, 2.3 Hz), 7.36 (dd, 1H, J = 8.0, 8.0 Hz), 6.91 (d, 1H, J = 8.1 Hz), 
6.76 (d, 1H, J = 1.4 Hz), 4.47 (s, 1H), 4.35-4.25 (m, 2H), 3.92 (d, 1H, J = 3.9 Hz), 3.82 (s, 3H), 
2.66-2.63 (m, 2H), 2.40 (d, 1H, J = 12.2 Hz), 2.01 (dd, 1H, J = 11.7, 3.7 Hz), 1.50 (s, 3H), 0.86 (s, 9H), 
0.21 (d, 6H, J = 4.6 Hz); 
13
C NMR (125 MHz, CDCl3) δ 163.3, 155.3, 150.8, 149.8, 147.1, 145.1, 141.4, 
138.3, 133.7, 129.1, 127.7, 124.7, 124.0, 123.9, 123.1, 109.8, 102.3, 85.1, 74.9, 68.3, 55.7, 40.5, 35.5, 








Synthesis of 120: amidine 118 (20.8 mg, 0.0255 mmol) and K2CO3 (21.8 mg, 0.156 mmol) was 
dissolved in DMF (1 ml). Stirred for 30 min at rt. The reaction was quenched with water, and organic 
materials were extracted three times with EtOAc. The combined extracts were washed with water and 
brine, and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 










H NMR (500 MHz, CDCl3) δ 8.13 (dt, 2H, J = 9.0, 2.3 Hz), 7.95 (dt, 2H, J = 9.0, 2.3 Hz), 7.29 (dd, 1H, 
J = 8.0, 7.9 Hz), 7.03 (d, 1H, J = 7.7 Hz), 6.81 (d, 1H, J = 7.7 Hz), 6.47 (t, 1H, J = 2.4 Hz), 4.55 (s, 1H), 
4.30-4.07 (m, 2H), 3.81 (d, 1H, J = 4.0 Hz), 3.67 (s, 3H), 2.78-2.75 (m, 2H), 2.28 (d, 1H, J = 11.6 Hz), 
2.00 (dd, 1H, J = 11.2, 3.5 Hz), 1.47 (s, 3H), 0.86 (s, 9H), 0.21 (d, 6H, J = 13.1 Hz); 
13
C NMR (125 
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MHz, CDCl3) δ 166.1, 155.4, 150.4, 142.9, 141.3, 138.4, 135.5, 130.1, 128.7, 126.8, 123.7, 122.6, 122.2, 





 calcd for C30H37N3O7SSi 611.7812, found: 611.2210. 
 
Synthesis of 122: 120 (4.7 mg, 0.00768 mmol) and TBAF (1.0M in THF) (0.05 ml, 0.05 mmol) was 
dissolved in THF (1.5 ml). Stirred for 1 h at rt. The reaction was quenched with water, and organic 
materials were extracted three times with EtOAc. The combined extracts were washed with water and 
brine, and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds 121 (4.3 mg). To a solution of 121 (4.3 mg) in CH2Cl2 (1 mL), 3HFEt3N (19.4 mg, 0.12 
mmol) was added at room temperature. The mixture was stirred for 1 h at rt. The solvent was removed in 
vacuo. The residue was purified by PTLC (chloroform/methanol = 15:1 +Et3N 1 drop) to give 122 (1.2 










H NMR (500 MHz, CDCl3) δ 7.34 (t, 1H, J = 8.0 Hz), 7.11 (d, 1H, J = 7.7 Hz), 6.87 (d, 1H, J = 8.1 Hz), 
6.14 (s, 1H), 4.44 (s, 1H), 4.14-4.06 (m, 2H), 3.99 (d, 1H, J = 3.9 Hz), 3.80 (s, 3H), 2.69 (t, 2H, J = 2.4 






The synthesis of aldehyde 126 took the method of literature. 
 
Synthesis of 130: To a suspention of sodium hydride (60%, dispersion in mineral oil, washed with 
hexane (0.529 g, 13.2 mmol)) in THF (20 mL) was added to 127 (4.45 g, 12.0 mmol) at 0 C and was 
sttired for 1 h. A solution of 126 (2.00 g, 8.10 mmol) in THF (10 mL) was added at 0 C. The reaction 
mixture was warmed to room temperature and the stirring was continued for overnight. The mixture was 
poured over ice and organic materials were extracted three times with EtOAc. The combined extracts 
were washed with water and brine, and then, dried over anhydrous sodium sulfate. The solvent was 
removed in vacuo to afford crude compounds. The crude materials were purified by flash column 












Synthesis of 129: Ester 128 (3.18 g, 6.92 mmol) was dissolved in CH2Cl2 (10 mL) and HCO2H (10 
mL).The mixture was stirred for overnight at room temperature. The reaction was stopped and then the 
solvent was removed in vacuo. The crude materials were purified by flash column chromatography 
(silica gel, hexane/ethyl acetate = 2:1) to give carboxylic acid E (1.24 g, 44% yield) and Z (0.185 g, 7%). 
Sodium acetate (0.50 g, 6.10 mmol) and acetic anhydride (10 mL) were added to this crude material at 
room temperature. The reaction mixture was heated at reflux for 1 hour. After cooling to room 
temperature, the reaction was stopped by adding sat. NaHCO3 aq. The mixture was extracted three times 
with CH2Cl2. The combined extracts were washed with water and brine, and then, dried over anhydrous 
sodium sulfate. The solvent was removed in vacuo to afford crude compounds. The crude materials were 










H NMR (400 MHz, CDCl3) δ 8.25 (d, 1H, J = 1.1 Hz), 7.87 (d, 2H, J = 8.8 Hz), 7.58 (d, 2H, J = 7.4 
Hz), 7.45 (d, 1H, J = 1.5 Hz), 7.41-7.16 (m, 6H), 6.81 (d, 1H, J = 7.5 Hz), 4.08 (s, 3H), 4.03 (s, 3H), 
3.98 (s, 3H), 2.49 (s, 3H); 
13
C NMR (100 MHz, CDCl3) δ 169.8, 156.3, 149.6, 146.9, 146.1, 137.1, 133.6, 
129.4, 128.7, 128.6, 128.4, 127.9, 127.8, 126.6, 125.8, 121.1, 119.2, 118.3, 116.4, 115.3, 104.6, 63.6, 




Synthesis of 130: TBAB (2.56 g, 7.95 mmol), Na2S2O4 (1.21 g, 6.95 mmol) and 129 (3.36 g, 7.86 
mmol) were dissolved in solvent (dioxane/H2O =7/1). A solution was added followed by KOH (4.14 g, 
73.8 mmol) and the mixture was stirred at 0C. The reaction mixture was warmed to room temperature 
and the stirring was continued for overnight. The mixture was poured over 2N HCl and ice. Organic 
materials were extracted three times with CH2Cl2. The combined extracts were washed with water and 
brine, and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds. The crude materials were purified by flash column chromatography (silica gel, hexane/ethyl 










Synthesis of 131: to a solution of 2-chloro-1,3-dimethylimidazolinium chloride 2.056 g, 12.1 mmol) in 
acetonitrile (5 mL), sodium azide (947.1 mg, 14.5 mmol) was added at -30 C and the mixture was 
stirred for 1 hour. Naphthol 130 (2.958 g, 7.65 mmol) and triethylamine (2.1 mL, 15.0 mmol) in THF 
(76 mL) was added to the mixture, which was stirred for 4 h. The reaction was quenched with water, and 
organic materials were extracted four times with CHCl3. The combined extracts were washed with water 
and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford 
crude compounds. The crude materials were purified by flash column chromatography (silica gel: 









H NMR (500 MHz, CDCl3) δ 8.01 (dd, 1H, J = 8.3, 0.6 Hz), 7.49 (d, 2H, J = 7.4 Hz), 7.43-7.35 (m, 3H), 
7.31-7.28 (m, 1H), 7.24 (s, 1H), 7.04 (d, 1H, J = 16.5 Hz), 6.95 (d, 1H, J = 7.3 Hz), 6.90 (dd, 1H, J = 
16.2, 0.6 Hz), 4.05 (s, 3H), 3.99 (s, 3H), 3.88 (s, 3H); 
13
C NMR (126 MHz, CDCl3) δ 180.1, 156.0, 152.9, 
148.8, 136.2, 131.3, 130.6, 128.7, 128.4, 126.9, 126.7, 126.4, 123.3, 123.3, 118.4, 117.1, 111.6, 108.3, 





) m/z [M+H] cacld for C25H24N2O6 412.1423, found: 412.1421. 
 
Synthesis of 131: to a solution of diazoquione 131 (763.8 mg, 1.85 mmol) and ketenesilylacetal (386.6 
mg, 2.05 mmol) in CH2Cl2 (12 mL), Rh2(oct)4 (20.7 mg, 2.5 mol%) was added at room temperature. The 
mixture was stirred for 20 min at 40 C as bath temperature. The solvent was removed in vacuo to afford 
crude compounds. The crude materials were purified by flash column chromatography (silica gel, 















Synthesis of 133: to a suspention of sodium hydride (60%, dispersion in mineral oil, washed with 
hexane (12.5 mg, 0.312 mmol)) in THF (6 mL) was added to Na2S2O4 (102.7 mg, 0.589 mmol) and 
MS4A (440 mg) at 0 C. 132 (689.0 mg, 1.20 mmol), MeI (340.5 mg, 2.40 mmol) and TBAF (1.0 M in 
THF, 0.37 mL, 0.37 mmol) was added at 0 C. The reaction mixture was warmed to room temperature 
and the stirring was continued for 3 h. The reaction was quenched with sat. NH4Cl aq., and organic 
materials were extracted three times with EtOAc.  The combined extracts were washed with water and 
brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds. The crude materials were purified by flash column chromatography (silica gel, hexane/ethyl 









Synthesis of 134: to a suspention of sodium hydride (60%, dispersion in mineral oil, washed with 
hexane (104.0 mg, 2.60 mmol)) in DMF (4 mL) was added to 133 (479.2 mg, 1.01 mmol) and MS4A 
(231.9 mg) at 0 C. Methallyl bromide (157.9 mg, 1.17 mmol) was added at 0 C. The reaction mixture 
was warmed to room temperature and the stirring was continued for 6 h. The reaction was quenched 
with water, and organic materials were extracted three times with EtOAc.  The combined extracts were 
washed with water and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed 
in vacuo to afford crude compounds. The crude materials were purified by flash column chromatography 










Synthesis of 135: to a solution of 134 (383.2 mg, 0.708 mmol) in benzene (10 mL), Grubbs II (17.8 mg, 
2 mol%) was added at room temperature. The mixture was stirred for 5 h at 50 C as bath temperature. 
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The solvent was removed in vacuo to afford crude compounds. The crude materials were purified by 









Synthesis of 136: 135 (806.0 mg, 1.91 mmol) was dissolved in MeCN (15 mL) and water (15 mL). 
CAN (2.043 g, 3.73 mmol) was added at room temperature. The mixture was stirred for 0.5 h. The 
reaction was quenched with water, and organic materials were extracted three times with CHCl3. The 
combined extracts were washed with water and brine, and then, dried over anhydrous sodium sulfate. 
The solvent was removed in vacuo to afford crude compounds. The crude materials were purified by 









Synthesis of 137: to a solution of quinone 136 (103.7 mg, 0.255 mmol) in CH2Cl2 (6 mL), NaHCO3 
(107.5 mg, 1.28 mmol) and 70% mCPBA (125.5 mg, 0.509 mmol) was added at room temperature. The 
mixture was stirred for 6 h. The reaction was quenched with water, and organic materials were extracted 
three times with CH2Cl2. The combined extracts were washed with sat.NaHCO3 aq., water and brine, and 
then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds. The crude materials were purified by flash column chromatography (silica gel: hexane/ethyl 










Synthesis of 138: 137 (82.6 mg, 0.202 mmol) was dissolved in acetone (20 mL). 3M H2SO4 (0.25 mL, 
0.75 mmol) was added at 0 C. The reaction mixture was warmed to room temperature and the stirring 
was continued for overnight. The reaction was quenched with buffer, and organic materials were 
extracted three times with EtOAc. The combined extracts were washed with water and brine, and then, 
dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude compounds. The 
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crude materials were purified by flash column chromatography (silica gel, hexane/ethyl acetate = 1:3) to 










H NMR (500 MHz, DMSO-d6) δ 8.04 (s, 1H), 7.80 (t, 1H, J = 7.9 Hz), 7.73 (d, 1H, J = 7.7 Hz), 7.51 (d, 
1H, J = 8.5 Hz), 6.48 (d, 1H, J = 7.6 Hz), 4.46 (d, 1H, J = 7.7 Hz), 4.27 (d, 1H, J = 4.6 Hz), 3.92 (s, 3H), 
3.89 (s, 3H), 2.39 (dd, 1H, J = 11.9, 4.6 Hz), 2.16 (d, 1H, J = 11.9 Hz), 1.58 (s, 3 H); 
13
C NMR (126 
MHz, DMSO-d6) δ 181.4, 180.4, 175.0, 159.5, 155.1, 145.1, 136.4, 136.0, 135.5, 135.2, 124.9, 123.6, 
120.0, 118.8, 118.2, 86.1, 69.7, 62.5, 56.4, 39.5, 34.1, 21.7 ppm. IR(KBr) 3439, 1776, 1671, 1587, 1446, 




) m/z [M+H] cacld for C22H18O7 394.1053, found: 394.1067. 
 
Synthesis of 139: 138 (101.0 mg, 0.256 mmol) and TBAB (60.0 mg, 0.186 mmol) was dissolved in THF 
(6 mL) and water (1.5 mL). Na2S2O4 (476.3 mg, 2.73 mmol) was added at rt. The mixture was stirred for 
1 h. KOH (475.7 mg, 8.47 mmol) and Me2SO4 (0.52 mL, 5.48 mmol) was added at 0 C. The reaction 
mixture was warmed to room temperature and the stirring was continued for 20 min. The reaction was 
quenched with water, and organic materials were extracted three times with CH2Cl2. The combined 
extracts were washed with water and brine, and then, dried over anhydrous sodium sulfate. The solvent 
was removed in vacuo to afford crude compounds. The crude materials were purified by flash column 











H NMR (500 MHz, CDCl3) δ 8.36 (s, 1H), 7.98 (d, 1H, J = 8.8, 0.8 Hz), 7.40 (dd, 1H, J = 8.8, 7.5 Hz), 
6.82 (d, 1H, J = 7.4 Hz), 4.84 (d, 1H, J = 4.9 Hz), 4.49 (d, 1H, J = 4.8 Hz), 4.08 (s, 3H), 4.04 (s, 3H), 
3.98 (s, 3H), 3.97 (s, 3H), 2.44 (d, 1H, J = 12.1 Hz), 2.36 (d, 1H, J = 12.2, 4.9, 1.4 Hz), 2.21 (d, 1H, J = 
5.3 Hz), 1.75 (s, 3 H); 
 
Synthesis of 140: to a solution of 139 (28.3 mg, 0.066 mmol) and 2, 6-lutidine (139.5 mg, 1.31 mmol) 
in CH2Cl2 (5 mL), TBSOTf (0.15 mL, 0.652 mmol) was added at 0 C. The reaction mixture was 
warmed to room temperature and the stirring was continued for overnight. The reaction was quenched 
with sat. NH4Cl aq., and organic materials were extracted three times with CH2Cl2. The combined 
extracts were washed with water and brine, and then, dried over anhydrous sodium sulfate. The solvent 
was removed in vacuo to afford crude compounds. The crude materials were purified by flash column 













H NMR (500 MHz, CDCl3) δ 8.27 (s, 1H), 8.00 (dd, 1H, J = 8.9, 0.8 Hs), 7.39 (d, 1H, J = 8.8, 7.5 Hz), 
6.81 (d, 1H, J = 7.3 Hz), 4.86 (s, 1H), 4.46 (d, 1H, J = 4.9 Hz), 4.08 (s, 3H), 4.01 (s, 3H), 4.00 (s, 3H), 
3.99 (s, 3H), 2.59 (d, 1H, J = 12.0 Hz), 2.29 (ddd, 1H, J = 12.0, 5.0, 1.3 Hz), 1.69 (s, 3H), 0.87 (s, 9H), 
0.29 (s, 3H), 0.26 (s, 3H); 
13
C NMR (126 MHz, CDCl3) δ 176.5, 156.1, 150.8, 149.3, 147.3, 133.9, 129.0, 
127.5, 125.6, 124.6, 122.5, 119.2, 118.5, 115.4, 104.3, 86.4, 72.8, 63.7, 63.6, 63.4, 56.2, 40.1, 35.6, 25.9, 
23.5, 18.1, -3.0, -3.7 ppm. 
 
Synthesis of 141: 3-butyn-1-ol (106.0 mg, 1.51 mmol) was dissolved in THF (9 mL) and the solution 
was cooled to -78 C. n-BuLi (1.54 M in hexane, 1.9 mL, 2.93 mmol) was added dropwise keeping the 
temperature below -70 C. The other flask, lactone 140 (55.9 mg, 0.104 mmol) was dissolved in THF 
(5.5 mL) and cooled to -78C. Lithium acetylide(0.17 M, 2.7 mL, 0.45 mmol) was added to the mixture 
at -78 C. The resulting mixture was warmed to rt over 5 h and then poured into a mixture of EtOAc and 
sat. NH4Cl aq.. The layers were separated. The aqueous layer was extracted with EtOAc. The combined 
organic layers were washed with brine,  and dried over Na2SO4. Removal of solvents followed by 











H NMR (500 MHz, CDCl3) δ 8.30 (d, 1H, J = 1.1 Hz), 7.97 (dd, 1H, J = 8.8, 0.7 Hz), 7.37 (dd, 1H, J = 
8.8, 7.5 Hz), 6.80 (d, 1H, J = 7.4 Hz), 4.69 (d, 1H, J = 1.2 Hz), 4.30 (dd, 1H, J = 8.2, 6.6 Hz), 4.08 (s, 
3H), 4.00 (s, 3H), 3.94 (s, 3H), 3.84 (s, 3H), 3.50 (ddd, 2H, J = 47.5, 10.9, 5.2 Hz), 2.51-2.39 (m, 3H), 
2.26 (dd, 1H, J = 14.0, 6.6 Hz), 1.22 (s, 3H), 1.00 (s, 9H), 0.24 (s, 3H), 0.10 (s, 3H); 
13
C NMR (126 
MHz, CDCl3) δ 188.9, 156.1, 152.9, 149.1, 147.0, 136.6, 128.5, 127.6, 125.4, 123.2, 119.0, 118.6, 117.9, 
115.3, 104.1, 91.8, 81.3, 72.7, 63.6, 63.5, 61.3, 60.1, 56.2, 48.5, 35.9, 31.6, 26.0, 23.4, 23.1, 22.6, 18.3, 
14.1, 0.0, -4.2, -4.3 ppm. 
 
Synthesis of 142: to a solution of KCN (69.0 mg, 1.06 mmol) and K2[Ni(CN)4] (138.0 mg, 0.533 mmol) 
in degassed water (1 mL), Zn dust (0.15 mL, 0.652 mmol) was added. The mixture was stirred for 4 h at 
rt. A solution of 141 (2.00 g, 8.10 mmol) in degassed MeOH (1 mL) and deggased THF (2 mL) was 
added at 0 C. The reaction mixture was stirred for 1 h at 0 C. The reaction was poured into EtOAc and 
brine, and organic materials were extracted three times with EtOAc. The combined extracts were washed 
with water and brine, and then, dried over anhydrous sodium sulfate. The solvent was removed in vacuo 
to afford crude compounds. The crude materials were purified by flash column chromatography (silica 
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H NMR (500 MHz, CDCl3) δ 8.26 (s, 1H), 7.98 (dd, 1H, J = 8.8, 0.6 Hz), 7.38 (dd, 1H, J = 8.8, 7.5 Hz), 
6.81 (d, 1H, J = 7.3 Hz), 4.68 (s, 1H), 4.08 (s, 3H), 4.0.1 (s, 3H), 3.95 (s, 3H), 3.84 (s, 3H), 3.66-3,63 (m, 
2H), 2.50-2.38 (m, 3H), 1.64 (s, 4H), 0.86 (s, 9H), 0.27 (s, 3H), 0.24 (s, 3H);
 13
C NMR (126 MHz, 
CDCl3) δ 168.8, 156.0, 150.4, 149.1, 147.0, 139.0, 135.6, 128.7, 127.5, 126.1, 125.5, 122.0, 118.9, 117.2, 
115.3, 104.2, 87.0, 74.8, 63.6, 63.2, 62.8, 60.4, 56.2, 44.8, 34.7, 31.5, 30.1, 23.8, 22.6, 18.1, 14.1, 0.9, 
-3.0, -3.7 ppm. 
 
Synthesis of 143:Et3N (11.0 mg, 0.108 mmol) and Me3NHCl (10.6 mg, 0.111 mmol) was dissolved in 
CHCl3 (2 ml) at 0 C. Ca(OH)2 (133.0 mg, 0.473 mmol) and Alcohol 142 (9.7 mg, 0.0157 mmol) was 
added followed by p-NsCl (44.5 mg, 0.200 mmol) at 0C. The reaction mixture was warmed to room 
temperature and the stirring was continued for 1 h. The reaction was quenched with buffer, and organic 
materials were extracted three times with CHCl3. The combined extracts were washed with water and 
brine, and then dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afford crude 
compounds. The crude materials were purified by PTLC (silica gel, hexane/ethyl acetate = 3:2) to give 


















H NMR (500 MHz, CDCl3) δ 8.42 (d, 2H, J = 13.4 Hz), 8.31 (d, 2H, J = 8.7 Hz), 8.18 (d, 2H, J = 8.7 
Hz), 7.97 (d, 1H, J = 8.8 Hz), 7.89 (d, 2H, J = 8.7 Hz), 7.41 (dd, 1H, J = 8.4, 8.0 Hz), 6.84 (d, 1H, J = 
7.5 Hz), 5.91 (s, 1H), 4.67 (s, 1H), 4.21-4.06 (m, 6H), 4.01 (s, 3H), 3.93 (s, 3H), 3.83 (s, 3H), 2.59-2.52 





(126 MHz, CDCl3) δ 167.3, 156.1, 151.0, 150.7, 150.2, 149.3, 147.2, 146.7, 145.3, 140.9, 134.7, 134.6, 
129.0, 128.9, 127.8, 127.6, 125.9, 124.65, 124.60, 124.4, 123.9, 123.0, 122.4, 123.9, 123.0, 122.4, 118.7, 
115.3, 104.5, 89.4, 74.3, 67.3, 63.7, 63.4, 63.1, 56.2, 45.0, 34.8, 25.9, 25.3, 23.5, 18.1, 0.0, -2.9, -3.7 




) m/z [M+H] cacld for 


















H NMR (500 MHz, CDCl3) δ 8.31-8.29 (m, 3H), 7.99 (dd, 1H, J = 8.0, 0.8 Hz), 7.90 (ddd, 2H, J = 9.2, 
2.3, 2.3 Hz), 7.41 (t, 1H, J = 7.5 Hz), 6.84 (d, 1H, J = 7.2 Hz), 5.99 (s, 1H), 4.70 (s, 1H), 4.26-4.22 (m, 
1H), 4.15-4.11 (m, 2H), 4.10 (s, 3H), 4.03 (s, 3H), 3.97 (s, 3H), 3.95 (s, 3H), 3.83 (s, 3H), 2.78-2.35 (m, 
4H), 1.65 (s, 3H), 0.86 (s, 9H), 0.29 (s, 3H), 0.27 (s, 3H); 
13
C NMR (125 MHz, CDCl3) δ 169.93, 156.10, 
150.76, 150.62, 149.22, 147.14, 146.86, 141.19, 135.40, 131.96, 129.14, 128.90, 127.59, 125.76, 125.42, 
124.54, 122.23, 118.84, 118.57, 115.30, 114.47, 104.37, 88.18, 74.76, 67.63, 63.71, 63.40, 62.88, 56.22, 
44.80, 34.80, 25.92, 25.39, 23.6, 18.09, -2.98, -3.71. IR(ATR) 2929, 2855, 1767, 1622, 1533, 1450, 1363, 






 calcd for 
C41H47NO13SSiNa 844.24351, found: 844.24318.
 
 
Synthesis of 145: Imino lactone 144 (30.0 mg, 0.0299 mmol) was dissolved in NH3 solution (0.5M in 
THF) (2 mL) at 0 C and the mixture, which was stirred for 30 min. The solvent was removed in vacuo. 
TMSCl (325.3 mg, 2.99 mmol) and MS4A (200 mg) in CHCl3 (4 mL) were added to the mixture. The 
mixture was stirred for 1 h at rt. The half solvent was removed in vacuo, which was purified byPTLC 











H NMR (500 MHz, CDCl3) δ 8.40 (d, 2H, J = 8.9 Hz), 8.36 (s, 1H), 8.11 (d, 2H, J = 8.9 Hz), 8.05 (d, 
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2H, J = 8.5 Hz), 8.00 (dd, 1H, J = 8.8, 0.6 Hz), 7.68 (d, 2H, J = 8.9 Hz), 7.41 (dd, 1H, J = 8.8, 7.5 Hz), 
7.09 (s, 1H), 6.85 (d, 1H, J = 1.3 Hz), 6.83 (d, 1H, J = 7.4 Hz),  4.36-4.26 (m, 2H), 4.12 (d, 1H, J = 4.1 
Hz), 4.09 (s, 3H), 4.06 (s, 3H), 3.96 (s, 3H), 3.69 (s, 3H), 2.71-2.62 (m, 2H), 2.59 (d, 1H, J = 12.4 Hz), 
2.19 (ddd, 1H, J = 12.6, 4.4, 0.9 Hz), 1.58 (s, 3 H), 0.88 (s, 9H), 0.30 (s, 3H), 0.26 (s, 3H); 
13
C NMR 
(126 MHz, CDCl3) δ 163.0, 156.1, 151.1, 150.9, 149.7, 149.4, 147.3, 146.9, 145.2, 141.4, 134.4, 133.7, 
129.1, 127.8, 125.8, 125.3, 124.7, 124.3, 123.9, 122.5, 119.0, 118.8, 115.4, 104.4, 102.5, 85.3, 75.4, 68.4, 
63.8, 63.5, 62.7, 56.2, 41.5, 36.3, 25.9, 25.4, 24.3, 18.1, 0.0, -3.0, -3.7 ppm. IR(ATR) 2931, 1648, 1600, 




) m/z [M+H] cacld for C47H52N4O15S2Si 
1005.2640, found: 1004.2654. 
 
Synthesis of 146: amidine 145 (11.2 mg, 0.011 mmol) and K2CO3 (8.8 mg, 0.063 mmol) was dissolved 
in DMF (2 ml). Stirred for 1 h at rt. The reaction was quenched with water, and organic materials were 
extracted three times with EtOAc. The combined extracts were washed with water and brine, and then 











H NMR (500 MHz, CDCl3) δ 8.33 (s, 1H), 7.93 (dd, 1H, J = 8.8, 0.6 Hz),7.76 (s, 4H), 7.34 (dd, 1H, J = 
8.8, 7.5 Hz), 6.78 (d, 1H, J = 7.3 Hz), 7.54 (t, 1H, J = 2.3 Hz), 4.83 (s, 1H), 4.25-4.21 (m, 1H), 4.11 (d, 
1H, J = 4.1 Hz), 4.09 (s, 3H), 4.08 (s, 3H), 4.00-3.94 (m, 1H), 3.88 (s, 3H), 3.53 (s, 3H), 2.76-2.72 (m, 
2H), 2.45 (d, 1H, J = 12.1 Hz), 2.15 (ddd, 1H, J = 12.1, 4.3, 1.0 Hz), 1.52 (s, 3 H), 0.83 (s, 9H), 0.28 (s, 
3H), 0.26 (s, 3H); 
13
C NMR (126 MHz, CDCl3) δ 166.4, 156.1, 150.4, 149.6, 149.0, 147.0, 142.4, 141.6, 
136.5, 135.7, 129.8, 128.5, 127.4, 125.1, 124.1, 123.5, 122.1, 120.8, 119.2, 118.1, 115.5, 103.9, 85.4, 
75.8, 63.7, 63.3, 62.2, 56.2, 53.2, 41.9, 37.7, 26.0, 25.9, 24.4, 20.3, 18.1, 0.0, -2.8, -3.5 ppm. 
 
Synthesis of 147: To a solution of crude compound 146 (8.9 mg) in CH2Cl2 (1.5 mL), 3HFEt3N (2 
drops) was added at room temperature. The mixture was stirred for 0.5 h at rt. The solvent was removed 
in vacuo. The residue was purified by PTLC (chloroform/methanol = 9:1 +Et3N 1 %) to give 147 (4.7 









H NMR (500 MHz, CDCl3) δ 8.28 (s, 1H), 7.95 (d, 1H, J = 8.7 Hz), 7.35 (dd, 1H, J = 8.7, 7.6 Hz), 6.79 
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(d, 1H, J = 7.35 Hz), 6.79 (d, 1H, J = 7.4 Hz), 6.20 (s, 1H), 4.73 (s, 1H), 4.16 (d, 1H, J = 3.7 Hz), 4.06 (s, 
3H), 3.99 (s, 3H), 3.92 (s, 3H), 3.78 (s, 3H), 2.67 (s, 3H), 2.50 (d, 1H, J = 12.3 Hz), 2.13 (dd, 1H, J = 
12.4, 2.9 Hz), 1.52 (s, 3 H), 0.80 (s, 9H), 0.24 (s, 3H), 0.18 (s, 3H). 
 
Synthesis of 148: To a solution of 147 (4.7 mg, 0.00762 mmol) in CH3CN (1.5 mL) and water (0.5 mL), 
CAN (8.5 mg, 0.0155 mmol) was added at room temperature. The mixture was stirred for 20 min at rt. 
The reaction mixture was diluted with water, and organic materials were extracted three times with 
CHCl3. The combined extracts were washed with water and brine, and then dried over anhydrous sodium 














H NMR (500 MHz, CDCl3) δ 8.18 (s, 1H), 7.87 (dd, 1H, J = 7.7, 0.9 Hz), 7.70 (t, 1H, J = 7.9 Hz), 7.31 
(d, 1H, J = 7.8 Hz), 6.46 (t, 1H, J = 2.4 Hz), 4.59 (s, 1H), 4.20 (d, 1H, J = 3.9 Hz), 4.17-4.11 (m, 2H), 
4.07 (s, 3H), 3.84 (s, 3H), 2.93-2.91 (m, 2H), 2.36 (d, 1H, J = 12.4 Hz), 2.11 (dd, 1H, J = 12.5, 3.5 Hz), 
1.52 (s, 3H), 0.84 (s, 9H), 0.35 (s, 3H), 0.25 (s, 3H) 
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した。Stille カップリングの条件で反応を行うと TBS 基を有するアルキニルスズでは 2-ア
ルキニルナフトールが 46%の収率で得られた。一方, フェニルアセチレンおよび 1-ヘキシン
の場合では, ナフトフランのみが得られた。アルキニルスズの代わりに末端アルキンを用い
て, 薗頭カップリングで反応を行うと, ナフトフランを良い収率で得られることを見出し
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